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® Renin inhibitors. 



@ Renin inhibiting compounds containing a single a-amino acid of the formula: 



R4 0 



Rg OH 



A 



• I II I I 

N-CH-C-N-CH-CH-fl 
U"*>r^l * I * * 

0 R; 




2 and analogs thereof which inhibit the substrate-cleaving acting of renin, pharmaceutical compositions containing 

O) these compounds, processes for producing the compounds and methods of treating hypertension which employ 

_ the novel renin inhibitors. 
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RENIN INHIBITORS 



FIELD OF THE INVENTION 



This Invention relates to new compounds containing a single a-amino acid which inhibit renin and are 
5 thus useful in treating hypertension. 

BACKGROUND OF THE INVENTION 

10 

Renin is an endopeptidase which plays an important role in the control of blood pressure. The renin 
angiotensin system is a multlregulated proteolytic cascade In which renin cleaves the protein substrate 
angiotensinogen to give the relatively inactive decapeptide angiotensin I. Angiotensin converting enzyme 
(ACE) catalyses the removal of the terminal dipeptide from angiotensin I to form the highly active 

75 octapeptide angiotensin II which exhibits potent pressor activity. In addition to its direct vasoconstricting 
effect, angiotensin II also stimulates the adrenal cortex to release aldosterone, which leads to sodium 
retention and a rise in extracellular fluid volume. Thus, the renin-angiotensin system plays a key role in the 
regulation of blood pressure and is implicated in some forms of hypertension. 

In an effort to develop agents useful in the treatment of hypertension, compounds called ACE inhibitors 

20 have been developed which inhibit angiotensin 1 converting enzyme thereby blocking the generation of 
angiotensin N and its vasopressive effect; these include captopril and enalapril maleate. Similarly, effective 
inhibitors of renin have been sought which would reduce the release of angiotensin I and ultimately lead to 
a reduction in the circulating level of angiotensin II. Thus, renin inhibitors would be useful alternatives to 
ACE Inhibitors as therapeutic agents in the treatment of hypertension and congestive heart failure. 

25 A number of prior art references have described peptide compounds that have activity as renin 
inhibitors. For example. Boger et al., Nature. 303, 81-84, (1983) describe peptide renin inhibitors containing 
the amino acid statine. See also Veber et al. U.S. Pat Nos. 4,384.994 and 4.478.826. However, because 
these compounds are peptides, many of them are unsuitable for oral administration because of their 
proteolytic lability and poor absorption from the digestive tract. Smaller peptides that are better absorbed 

30 orally have proven to be poor inhibitors of renin. Recent efforts have been focused on formulating 
compounds which are effective orally yet retain high potency as Inhibitors of human renin. 

Recently, lizuka and coworkers have described peptide renin inhibitors containing an unnatural amino 
acid, norstatine. (J. Med. Chem. Vol. 31, 701-701. 1988) which are active orally. 

Other compounds having renin inhibiting activity have been disclosed which involve modifications to the 

36 N-terminal units, for example. Luly et al, U.S. Pat. No. 4.826.815, Sham, et al. U.S. Pat. No. 4,826.958, 
lizuka et al, EP-0.206.807-A3. EP-0.1 90,891 -A2. U.S. Pat. No. 4,656,269 and Hanson et al. Biochem 
Blophys. Res. Comm., 160, 1-5 (1989). Certain modifications to the central amino acid structure have also 
been tried, see for exarnpie, Patchett et al. U.S. Pat. No. 4,839.357, and Bock et al. U.S. Pat. No. 4.663.310. 
Finally, modifications in the C-terminal substituents are disclosed in Boger et al. U.S. Pat. No. 4,782.043 

40 and published European Patent Application 231-919A. The latter reference discloses compounds having 
heterocyclic nitrogen containing rings of 5 or 6 carbon atoms at the C-terminal unit. 

The present invention relates to structurally novel renin inhibitors containing a single or-amino acid. The 
present compounds differ from the prior art in the particular substituents at the N-terminal, the central a- 
amino acid and/or the C-termlnal units. 

45 

SUMMARY OF THE INVENTION 



60 This invention relates to new compounds of general formula I which contain a single a-amino acid. 
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and Y is OCH3. CH3. F, CI. or di or tri OCH3 groups; R7 Is hydrogen or lower alkyl(Ci-C3); 

R2 Is phenylmethyl. (4-methoxyph0nyl)methyl. (3,4-dimethoxyphenyl)methyl, (4-chlorophenyl)methy!, (3- 

trifluoromethylphenyl)methyl. (3.4.5-trimethoxyphenyl)methyl. 1-naphthalenylmethyl. (2-thienyl)methyl. (3- 

indolyI)methyl, (ben2o[b]thlen-3-yl)methyl, (ben2o[b]thlen-2-yl)m^thyl. (3-benzofuranyl)methyl, (2-ben- 

zofuranyl)methyl; 

R3 Is hydrogen or methyl: 

R* Is 4-(rmidazolyl)CH2X-. alkyl(Ct- Cs), -alkyl(Ci-C4)NH2. phenylmethyl. cyclohexylmethyl, -X-alkyKCi-Cs). 
-(CH2)nN[lower alkyl{Ci-C3)]2r(CH2)nNH-lower alkyl(Ci -C3)]. X-cyclohexyl. -(CH2)n-X-aIkyl(Ci-C3). -X- 
CH2CH2N[alkyl(Ci-C3)]2 (where X is -O- or -S-and n is 1 to 4) and moieties of the formulae: 





Rs is hydrogen or methyl; 

Re is alkyl(Ci-C6). phenylmethyl, cyclohexylmethyl, -(CH2)n-X-alkyl(Ci-C3) or 
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CHg H 



I 

0 

where Rs is hydrogen, alkyl(Ci-C3) or COR9, where Rg is NH2. OH, -0-alkyl(Ci-C4). -NH-alkyKCi-C*), -N- 
[alkyl(Ci-C3)]2.lower alkyl (Ci-Ce) and where W is CH2 or O. 

In the fonnula I the asterisks denote asymmetric carbon atoms. The asymmetric center at the carbon 
attached to the Ra substituent of the N*terminal unit has the R configuration. 



DETAILED DESCRIPTION OF THE INVENTION 
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Within the group of compounds defined by the formula 1. certain subgroups of compounds are 
preferred. Broadly preferred are those compounds where the a-amino acids of formula H have the natural 



configuration. 



«4 



HM-CHCOpH 
1 t 



75 



FORMULA 11 

20 

Especially preferred in the C-terminal units are compounds where the C-terminal units are those of the 
formula III. with an anti(threo)relatlonship between the amino group and the hydroxyl group. Most preferred 
25 of the 1-amino-2-hydroxy compounds of formula III are those diastereomers with IS configuration. 

Y 

-NH-CH-CHfl 
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FORMULA III 



Most preferred of the compounds of formula I, wherein the C-terminal group is represented by formula 
111, are those compounds wherein R2 is phenylmethyl, 1-naphthaIenylmethyl. (3-indolyl)methyl. (benzo[b]- 
thien-3-yl)methyl. (3-benzofuranyl)methyl and R2 is the N-terminal unit of formula IV is the R configuration 
(same configuration as 



a-amino acids), 

0 R, 



50 
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R4 is 4-(lmldazolyl)CH2X-, alkyl(Ci-C0NH2. -(CH2)n-NH!ower alkyl{Ci-C3), -(CH2)nN[lower alkyi (C1-C3)- 
]2.(4-imidazoIyl)methyi. (3-pyrazolyl)methyl, -X-CH2CH2N[alkyl(Ci-C3)]2. (3-pyrldinyl)methyl. -X-CH(CH3)2; 
Re is cyclohexylmethyl or 




H H 



where Rp is hydrogen or CQR9 



The products of formula I and the preferred subgroups can be prepared by various synthetic 
procedures; either coupling the N-terminal unit 0 ) to the central a-amino acid (2) followed by coupling of a- 
amino acid derivative (4) to the 1-amino-2-hydroxyl C-terminal unit (5) (Scheme I) or first coupling the 
central a-amino acid derivative(6) to the 1-amino-2-hydroxy unit (5), followed by attachment of the N- 
terminal unit (1) to the a-amino acid derivative (7) (Scheme II). 
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30 Rio is a suitable blocl<ing group for the carboxyl group such as t-butyl, lower alkoxy or benzyl. 
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Scheme II 
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R11 is a suitable blocking group for the amino group of the a-amino acid. Suitable blocking groups are 
t-butyloxycarbonyl. benzyloxycarbonyl and the like used in peptide synthesis. 

Alternatively, certain of the products of this invention can be prepared by introduction of the Ri groups 
50 in the last step of the synthesis. A derivative of formula (9) Is prepared and the carboxy protecting group 
R12 removed to give a derivative (10) with a free carboxy I group. Activation of carboxyl group and coupling 
with an RiH group where Ri has-been previously defined gives the products of formula I (W = CH2) 
(Scheme 111). 

55 
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Scheme III 




FoPBuU I (U-CHg) 

25 Ri2 IS a suitable blocking group such as t-butyl, benzyl and the like. 

Intermediate 1-amino-2-hydroxy compounds are prepared by reacting an N-blocked a-amino aldehyde 
of formula (12) (wherein the R13 blocking group may be t-butyloxycarbonyl, benzyloxycarbonyl, triphenyl- 
methyl and the like) with anions of heterocycles A. Separation of dlastereomers and removal of the amino 
blocking group gives intermediates (14) (Scheme IV). Illustrated is the synthesis of the preferred dia- 

30 stereomers from 

h 

a-amlnoaldehydes to give the preferred dlastereomers of formula (14) with the R,S configurations as noted. 

The intermediates (14) are then reacted with an N-protected o^amino acid (6) activated with a peptide 
coupling reagent or as the acid chlorides to give N-protected derivatives (7). The preferred a-amino acids 
(6) are those which have the 

^ L-coBf iguration • 

In the heterocyclic anions representated by M^A", the symbol M* represented a metal (or its equivalent) 
such as Li*. K* or MgCI*. MgBr*, ZnCf, Zner"", CeCIa* and the like or trimethylsllyl. In the case where M 
represents a trimethylsllyl group, the reaction is carried out with an equivalent of fiuonde anion such as 
cesium fluoride. When A is a 2-thiazole and M is trimethylsllyl, the reaction is carried out at 0°C to 25°C 
without fluoride anion. When M* represents a metal the reactions are carried out In a solvent such as 
tetrahydrofuran at -78°C to -30°C for one to give hours. 
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Intermediates of formula (13) may be prepared by reaction of M A" (where A is a moiety as previously 
defined) with N-methyl-N-methoxy amides of formula (lI2a) to give the keto derivates (12b). Reduction of 
the keto derivate (12bFwith hydrides such as sodium borohydride. lithium or potassium tri-sec-butyl- 
borohydride or triethylsilane gives the Intermediates (13a) as a pair of diastereomers. The amount of each 
diastereomer in the mixture depends on the structure of the hydride reducing reagent and reaction 
conditions. In general, lithium and potassium tri-sec-butylborohydrides give selectively diasteromer (13). 
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60 The intermediate N-terminal units (23) may be prepared in the following manner (Scheme V). The R»S- 
derivatives are prepared by the Stobbe condensation of diethyl succinate (15) with the appropriate 
arylaldehydes to the monoethyl ester derivatives (16). These derivatives may be coupled to an appropriate 
primary or secondary amine to give derivatives (17) which on hydrogenation afford the ethyl esters (18) of 
the penultimate desired acids (19). Direct hydrogenation of the Stobbe products (16) gives the racemic 

55 monoethyl ester derivatives (20)"which may be coupled to an appropriate primary or secondary amine to 
afford the ethyl ester compouTvds (18). Hydrolysis of the ester gives the a-substituted acids of formula (19). 
Alternatively, the Stobbe products 06) can be hydrogenated to afford the saturated ethyl esters (20) may 
be resolved to give the desired (R) enantlomer (21^) or the derivatives (16) may be hydrogenated under 
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asymmetric hydrogenation conditions to give directly the (R) enantiomer (21). 
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Asymmetric hydrogenation of Stobbe type products (1i6) have been described by H. Kawano. et al., 
Tetrahedron Letters . 28 (17) 1905 (1987). 

The entiomericaily pure of N-terminal units (23) may be synthesized via N-acyl-4-substituted-2- 
5 oxazolidlnones (a chiral synthon) according to the procedures of D..A. Evan, et a[., J. Am. Chem. Soc., 108. 
6757 (1986), Tetrahedron Letters, 28, 6141 (1987) and reference therein (Scheme VI). Activation of 
carboxylic acid derivatives (29). (27) and (31^) may be carried out with peptide coupling reagents such as: 

1) N.N'-Dicyclohexylcarbodlimlde plus l-hydroxybenzotriazole 

2) BenzotriazoI-1-yloxytris-(dimethy!amino)phosphonium hexafluorophosphate (BOP-reagent) 
10 3) N.N'-Bis[2-oxo-3-oxazoIidiny!]phosphorodiamidic chloride (BOB-CI) 

4) Diphenylphosphinyl chloride (DPP-CI) 

5) Diethoxyphosphoryl cyanide 

6) 2-Ch!oro-1-methylpyrldinlum iodide 

7) Phenyldichlorophosphate plus imidazole and the like. 
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Scheme VI 
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The compounds of formula I are active inhibitors of renin. 



35 Biological Evaluation 

Renin inhibitors have been shown to lower blood pressure in primates, [J. Hypertension, 1^. 399 (1983), 
J. Hypertension. 1 (suppi 2). 189 (1983)] and in man. [Lancet II, 1486 (1983), Trans. Assoc. Am. Physicians, 
96, 365 (1983). J.-Hypertension. 3, 653 (1985)] and thus are potentially useful in the control of hypertension, 
40 The novel compounds of formula I are new peptide renin inhibitors and are useful in the treatment of 
hypertension in warm-blooded animals, as established in the following test. 



Radioimmunoassay Screen for Renin Inhibitors 

45 " 

The In vitro method for the screening of anti-renin compounds involves, first, angiotensin I generation, 
and second, the quantitation of the angiotensin I produced by radioimmunoassay. 



50 Angiotensin I Generation 

The incubation medium consisted of 20 ul of purified human plasma angiotensinogen (1); 10 ul of 
human kidney renin (2); 5 ul of phenylmethylsulfonyl fluoride: 10 ul of disodium EDTA (10 mM); 10 ul of 
antirenin compound (5 x lO"^. 5 x 10"*, 5 x lO"^) in dimethylformamlde. or ethanol and a suitable amount 
65 of maleate buffer (77 mM, pH 6.0) to make a final volume of 500 ul. The reaction mixture was incubated for 
one hour at 37°C and the enzymatic reaction was stopped by placing the tube in ice-cold water. The 
angiotensin I generated during the incubation was measured by a radioimmunoassay plasma renin activity 
kit (Clinical Assays. Inc.)- 



17 



EP 0 427 939 A2 

Radioimmunoassay Procedure 

The incubation medium consisted of eltlier 100 ul aliquots of tlie above reaction mixture or a standard 
amount of angiotensin i; 1000 ul of phosphate buffer (100 mM, pH 7.6) and 100 ul of f^sijangjotensin In a 
5 gamma-coat, tube. After three hours of incubation at room temperature, the tubes were decanted, and the 
radioactivity of each tube was determined in a gamma counter. Duplicate determinations were performed 
for each incubation. The results were expressed in ng of angiotensin I generated per ml of generation 
medium per hour of incubation (ng/AI/ml/hr). 

The results of this test on representative compounds of this invention appear in Table I, expressed as 
10 an ICso. 

(1) The human plasma angiotenslnogen derived from the blood of a woman receiving oral contraceptive 
pills was purified by chromatography on a pepstatinaminohexyi-agarose column. 

(2) Human renin was prepared from human kidney. 

15 
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TABLE I teontinue«» 
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TABLE I I continued) 



Renin Inhibition 
Structure IC50 (H) 
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TABLB I fe ontinuad^ 
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TABLE I ( c ontinued > 
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TABLE I fc QBlilnued) 
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TABLE I (continued) 



Renin Inhibition 
Structure ICjo <"> 
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TABLE I (continued) 
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TABI.B I feentinued) 

Renin Inhibition 
Structure ICjo <n) 
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TABLE I (eentinuadi 

Renin Inhibi tion 
Structure ICgg (t1) 
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TABI.B I (eontinuedl 



Renin Inhibition 
Structure IC50 
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Renin Inhibition 
Structure ICj^ <n> 
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The novel compounds of the present invention have been found to be highly useful for lowering 
elevated blood pressure in mammals when administered In amounts ranging from about 5 mg to about 50 
mg/kg of body weight per day. 

The compounds of this Invention are preferably administered by a parenteral route such as Intravenous. 
50 intramuscular or subcutaneous, but may be administered orally If desired. 

Compositions, according to the present invention, having the desired clarity, stability and adaptability for 
parenteral use are obtained by dissolving from 0.10% to 10% by weight of active compound in a vehicle 
consisting of a polyhydric aliphatic alcohol or mixtures of such alcohols. Especially satisfactory are glycerin, 
propylene glycol and polyethylene glycols. Although various mixtures of polyethylene glycols may be used, 
55 it is preferred to use a mixture having an average molecular weight of from about 200 to about 400. 

In addition to the active compound, the parenteral solutions may also contain various preservatives to 
prevent bacterial and fungal contamination as well antioxidants to promote stability. 

For intramuscular injection, the preferred concentration of active compound Is 0.25 to 0.50 mg/ml of the 
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finished compositions. 

The novel compounds of this invention are equally adapted to intravenous administration when diluted 
with water or diluents employed in intravenous therapy such as isotonic glucose. For intravenous use. initial 
concentrations down to about 0.05 to 0.25 mg/ml of active compound are satisfactory. 
6 The following specific reference examples illustrate the preparation of intermediate compounds useful in 
our invention. 

Reference y^yj^wpi ^ ^ 
10 N- [N- ( tert-Butoxycarbonyl) -N-methyl-|j-leucyl] - {8)2-- 

mmi wQ^A- methvl-1" (2*thia2olyl)pentan-l-ol 
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To a mixture of 0.26 g of 

(tert-butoxycar- bonyl) -N-methyl-Ir-leucina 



in 2 ml of dichloromethane was added 0.15 ml of triethylamine and 0.47 g of benzotriazol-l-yloxytris- 
(dimethylamino)phosphonium hexafluorophosphate (BOP-reagent). After one minute, 0.20 g of (S)2-amino-4- 
methyl-(R)1-(2-thia20lyl)pentan-1-ol was added and the mixture was stirred at room temperature overnight. 
The mixture was refluxed for 15 minutes, diluted with 20 ml of ethyl acetate and washed (twice) with 5 ml 
each of 1 N hydrochloric acid, and 1 M sodium bicarbonate. The organic layer was filtered through a thin pad 
of hydrouF magnesium silicate and the pad washed with ethyl acetate. The filtrate concentrated to give 0.41 
g of gum; [a]g^ -68°±3 (c, 0.315. methanol). 



N- [N-Nathyl*L-l«ueyl] - (8) 2-amino-4*mattayl- (R) 1- 

l2"thiazolvl) pantan^l-ol 



To 0.41 g of 

40 H- [fi- ( t art -butoxvcarbonvl ) -N- 

fflathyl«I,-laucyl]<» (8)2-amlno-4-mathyl- (R) 1- (2-thiazol- 
yI)panta]i-*l-ol 



was added 4 ml of anhydroux 2N hydrochloric acid in ethyl acetate. The mixture was stirred for 2 hours and 
the solvent removed under vacuum. The residue was dissolved in water and concentrated ammonium 
hydroxide added. The solid formed, was filtered and then washed with cold water to give 0.095 g of 
crystals, mp 66-67**C; Rf 0.05 on silica gel plate with ethyl acetate-methanol (9:1) as solvent. The sample 
was distilled (onto cold finger) under vacuum to give crystals, mp 86-87°C; [a]g^ -41«*±1 (c. 0.943, 
methanol). 

Rafarance Examola 3 
N- (L-laucyl ) - (8) 2 -amino* 4 -methyl* (R) 1- (2-thiazolyl) - 

pantan*l-ol 
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To a solution of 1.76 g of imrdazol© In 15 ml of dichloromethane under nitrogen was added 1.1 g of 
phenyl dichlorophosphate (phenyl phosphorodlchloridate) in 5 ml of dichloromethane and the solution 
5 cooled to 0°C. A solution of 1 .25 g of 

^Ttfi£t*butoxycarboiiyl-lf- leucine 

hydrate in 6 ml of dichloromethane was dried over magnesium sulfate and filtered. The filtrate was added to 
the first solution and the mixture stirred one hour at 0°C. To this mixture was added 1.05 g of (S)2-amino-4- 
methy!-(R)1-(2-thlazolyl)pentan-1-oL After stirring at room temperature overnight the mixture was refluxed 
one hour and filtered. The filtrate was washed with 10 ml each of 2N hydrochloric acid. 1M sodium 
bicarbonate and dried over magnesium sulfate. The filtrate was passed through a thin pad of hydrous 
magnesium silicate and the pad washed with dichloromethane. The filtrate was concentrated under vacuum 
to give 1.71 g of 

Mr IMr (£e£j^-buto3cycarbonyl) -L-l«ucyl] - (8) 2-emino*4» 
methyl- (R) x« (2-ttaiesolyl)penten-l-ol 

as an oil; Rf 0.43 on silica gel plate with ethyl acetate-hexane (1:1) as solvent 

To the preceding oil (1.71 g) in one ml of ethyl acetate was added 16 ml of anhydrous 2N hydrochloric 

25 acid in ethyl acetate. After stirring 3 hours at room temperature, one ml of hexane was added and the 
mixture cooled (0°C) and filtered to give 1.4 g of the product as the hydrochloride, mp 136-140°C. The 
hydrochloride was dissolved in water (4 ml) and ammonium hydroxide (2 ml) added. Cooling gave crystals 
which were filtered and washed with cold water to give 0.97 g of product as crystals, mp 11 2-1 16*^0. 
Recrystallization from diisopropyl ether gave 0.67 g of crystals, mp 112-114''C; [a]g® -34<»±1 (c. 0.976, 

30 methanol). 



Reference Example 4 

35 

(R)-Dihydro(phenylmethyl)-2,5-furandione 



40 To 17.2 g of (R)-(phenylmethyl)butanedioic acid was added 34 ml of acetic anhydride. The mixture was 
stirred and warmed at 80°C until the solid dissolved (approximately 5 minutes). The mixture was cooled and 
diluted with 78 ml of diisopropyl ether and the chilled mixture filtered to give 11.4 g of crystals, mp 124- 
125^0: Mg® -54°£1 (c. 1.05, ethyl acetate). 

45 

Reference Example 5 



50 ± N-(tert-Butoxycarbonyl)-3-(2>thienyl)alanlne 



To a stirred mixture of 

1.7 g Of 3-(2-thienyl)-Q#Ii-alanlne 

in 20 ml of dioxane was added 10 ml of water. The mixture was cooled (ice-water bath) and 2.4 g of 2-tert- 

32 



EP 0 427 939 A2 



butoxycarbonyloxyimino)-2-phenylaceton[triIe (BOC-ON) was added. After stirring for 0.5 hours, the mixture 
was concentrated to 15 ml and acidified to pH 2 to 3 with 0.35M potassium hydrogen sulfate. The crystals 
which separated were filtered, washed with cold water and air dried to give 2.2 g of crystals, mp 113-114°C. 

5 

Reference Example 6 



10 (R)-gamma-Oxa-alpha(phenylmethylH-morpholinebutyric acid 

To a cooled solution of 3.6 ml of dry morphollne in 10 ml of dry tetrahydrofuran under argon was added 
3.8 g (R)-dihydro(phenylmethyl)-2,5-furandione (exothermic). The solution was stirred for 1.5 hours at room 

IS temperature and the solvent removed under vacuum. The residue was stirred with 21 ml of IN hydrochloric 
acid and extracted with ethyl acetate. The extract was dried over magnesium sulfate and the solvent 
removed to give 4.0 g of thick oil. A sample (ca 2.0 g) from a similar run using 1.9 g of (R)-dihydro- 
(phenyImethyl)-2.5-furandione was chromatographed on a Waters-prep 500 HPLC apparatus on silica gel 
with ethyl acetate containing 1% of formic acid. The fractions #3 and #4 were concentrated under vacuum 

20 and dissolved in diisopropyl ether. On standing there was obtained 0.12 g of crystals, mp 106-107°C; [a]§^ 
+ 97°±1 (c. 1.00. methanol). 

Reference Example 7 

25 



2-(Phenylmethyl)butanedio{c acid. 4-(1.1<limethylethyl)ester 



A mixture of 1.9 g of (R)-dihydro{phenylmethyl)-2.5-furandione. 10 ml of dry tert-butanoi and 0.12 g of 
4-dimethylaminopyridine was heated on a steam bath for 16 hours. The mixture was concentrated to 
dryness and the residue dried In oven. Ether was added and a small amount of solid filtered off. The filtrate 
was concentrated to give 2.1 g of oil. The oil was chromatographed on silica gel with a Waters-prep 500 
35 HPLC apparatus with ethyl acetate-hexane (3:17) containing 1% formic acid as solvent. Solids from cuts 2-6 
were combined and crystallized from isopropanol-hexane to give 0.77 g of product, mp 93-94°C; [alg® 0° (c. 
1 .06. methanol). 

40 

fi- (|i-l«uGyl) - (8) a-aalBo-a-eyclota^xyl (R) 

( 2 -pvrldlnvl ) propan-l-ol 

45 

A solution of 0.75 g of 

50 li^-.te£$-butoxycar- bonyl-L-laueia* 

monohydrate in dichloromethane was stirred with anhydrous magnesium sulfate for 2 hours, filtered and the 
filtrate concentrated to a volume of 15 ml. This solution was chilled to 0**C and 0.488 g of N,N- 
55 carbonyldiimidazole added. The solution was stirred at 0*^0 for one hour and 0.469 g of (S)2-amirio-'3- 
cyclohexyl-(R)1-(2-pyridinyl)propan-1-ol added. The mixture was stirred at room temperature overnight, 
washed twice with saturated sodium bicarbonate, water, brine and dried (MgS04). The solvent was removed 
under reduced pressure to give 1.0 g of a white foam. This foam was dissolved in chloroform-methanot 
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(99:1) and the combined filtrates concentrated under vacuum to give 

0.90 g of N-[N-(te£t-butoxycarbonyl)-l-leucyl]- 
(S) 2*amino-3-cyclohexyl (R) l- (2-»pyridinyl) propan-l-ol 

as a clear foam. 

To a 0.30 g sample of the preceding compound in 5 ml of dichloromethane was added 0.516 ml of 
trifluoroacetic acid and the mixture stirred overnight. The solution was poured Into Ice-cold sodium 
hydroxide (1.61 ml of 5N sodium hydroxide in 5 ml of water), stirred and the organic layer separated. The 
aqueous layer was extracted twice with dichloromethane and the organic layer and extracts combined and 
dried(MgS04.). The solvent weis removed under vacuum. The residue was crystallized from dilsopropylether 
and recrystallized from dilsopropylether to give 0.102 g of white crystals, mp gS-IOO^'C. 



Reference Example 9 



(S,R)-gamma'Qxo-alpha(3,4.5"trimethoxyphenylmethyl)-4-morphoiinebutyric acid 



To a stirred mixture of 17,4 g of diethyl succinate, 19.6 g of 3,4.5-trimethoxyben2aldehyde in 175 ml of 
ethanol chilled 0°C under argon was added 5.0 g of sodium hydride (60% in oil) in three equal portions. 
The solution was then refluxed for 30 minutes and 125 ml of 2N sodium hydroxide added. The solution was 
refluxed for 2 hours and concentrated under vacuum. The residue was diluted with water, extracted with 
ether and the aqueous layer acidified with concentrated hydrochloric acid. The mixture was extracted three 
times with 45 ml of ether and the ether extracts washed with saturated sodium chloride solution. The ether 
layer was dried (MgS04) and the solvent removed under vacuum to give 24.82 g of [(3,4.5-trimethox- 
yphenyl)methylene]butanedioic acid as a yellow oil. 

A mixture of 5.0 g of the preceding compound and 30 ml of acetic anhydride was heated on a steam 
bath until a solution was obtained and then the solution was heated at 60°C for one hour. The mixture was 
concentrated under vacuum to give 5.0 g of an oil. The oil was crystallized from a mixture of 12 ml of ether 
and 6 ml of ethyl acetate to give 2.13 g of dihydro-3-[(3,4,5-trimethoxyphenyl)methylene]-2.5-furandlone as 
yellow crystals, mp 184-187°C. 

The preceding compound (7,56 g) in 34 ml of dichloromethane was added to a solution of 4.71 g of 
morpholine In 200 ml of dichloromethane. The solution was stirred at room temperature for 2 hours and the 
solvent removed under vacuum to give a yellow oil. To this oil was added 35 ml of IN hydrochloric acid 
and the mixture extracted with three 40 ml portions of ethyl acetate. The extract was dried (MgSO*) and the 
solvent removed. The residue was crystallized from ethyl acetate-hexane (1:1) to give 8.6 g of gamma-oxo- 
alpha-[(3,4.5-trimethoxyphenyl)methylene]-4-morphollnebutanolc acid as crystals, mp 135-138°C. 

The preceding compound (7.46 g) in 150 ml of methanol was added to a mixture of 50 ml of methanol 
and 0.5 g of 10% palladium on carbon and the mixture hydrogenated in a Parr hydrogenator at 51 psi. The 
catalyst was filtered off (argon atmosphere) and the solvent removed under vacuum to give 7.14 g of 
gamma-oxo-alpha-[(3,4,5-trimethoxyphenyl)methyl]-4-morphollnebutanoic acid as a glass; Anal Calcd: C. 
58.8; H. 6.9; N. 3.8. Found: C. 58.2; H, 6.7; N. 3.5. 

fi- (^-L«ueyl) - (8) 2-aBlBO-3»cyolohaxyl- (R) 1- 
C2-i:blamolvllBrepan-l-el 



A sample of 0.26 g of 



34 



EP 0 427 939 A2 



M^ «f rt -btttoxvcarbonyl" leucine 

monohydrate was dried with magnesium sulfate in 2 ml of dichloromethane. The mixture was filtered and 
5 0.15 ml of dry triethylamine and 0.47 g of benzotria2ol-1-yloxytris(dtmethylamlno)phosphonium hex- 
afluorophosphate (BOP) added. After one minute. 0.24 g of (S)2-amino-3-cyclohexyl-(R)1"(2-thiazolyl)- 
propan-1-ol was added and the mixture stin-ed overnight and refluxed 2 hours. The mixture was con- 
centrated and the residue in ethyl acetate was washed with 1N hydrochloric acid, sodium carbonate solution 
and brine. The organic layer was dried (MgSO*) and concentrated to give 0.44 g of crude 

70 

N-[H- (tert-butoxycarbonyl>*Ii-leucyl]- (8)2-amino-3- 
cyclohexyl- (R) 1- (2-thiazolyl)propaii-l-ol 

75 

as a glass. 

The preceding compound was added to 5 ml of 2N anhydrous hydrochloric acid in ethyl acetate and 
the mixture stirred for 2 hours. The mixture (containing solid) was diluted with 5 ml of hexane. filtered and 
the solid washed with hexane. The solid was dissolved In 1 ml of water and 0.7 ml of concentrated 
20 ammonium hydroxide added. The solid which separated was filtered, and dried to give 0.27 g of solid, mp 
140-1 41 °C. 

N- (L-Histldyl) - <S) 2-amiiio-4-methyl- (R) I- 
f 2--i:hiazelvl ) Bantan- l>0l 



30 

To a suspension of 2.4 g of 

H^-tftSt-butoxy carbonyl-L-blstidiBa 

36 ^ 

in 24 ml of dichloromethane was added 1.3 ml of triethylamine and then 4.2 g of benzotriazol-l-yloxytris- 
(dimethylamino)phosphonium hexafluorophosphate (BOP). After stirring at room temperature for 2 minutes. 
1.73 g of (S)2-amino-4-methyl-(R)1-(2-thia20lyl)pentan-1-ol was added. The mixture was stirred for 4 days 
40 and refluxed for one hour and the solvent removed under vacuum to give an oil. This oil in 20 ml of ethyl 
acetate was washed with 10 m! each of water and 1M sodium bicarbonate. The organic layer was washed 
with 5 ml of 2N citric acid. 20 ml of 1M sodium bicarbonate, brine and dried (MgSO*). The solvent was 
removed under'vacuum to give 2.7 g of 

45 H- CM- ( tftEt-butoxy- 

carbonyl ) -L-bistidyl] - (8) 2-aBiiBo-4-mattayl- (R) 1«- (2-thia- 
aoly 1 ) pantan- l-ol 

50 

as a foam. 

The preceding compound (2.7 g) was dissolved in 5 ml of ethyl acetate under argon and 30 ml of 2N 
anhydrous hydrochloric acid In ethyl acetate was added by way of a syringe. After stirring for 2 hours 
cVystals had separated and the mixture was diluted with 35 ml of hexane. The mixture was filtered to give 
4.5 g of solid. This solid was dissolved in 9 ml of water and made basic with 3 m! of concentrated 
ammonium hydroxide. The mixture was extracted with ethyl acetate and the extract dried (MgS04). The 
solvent was removed under vacuum to give 1 .23 g of solid (foam). A sample on standing crystallized to give 
crystals, mp 118-126°C. 
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Reference Example 12 



5 (R)"alpha-[2-[1 ,1 -Pimethy lethyl)amino]-2-oxoethy llbenzQnepropionic acid 



To a solution of 6.0 g of tert-butylamine in 20 ml of tetrahydrofuran cooled to O^C under argon was 
added, in 5 equal portions. 7.6"^ of (R)-dihydro (phenylmethyl)-2,5-furandione. After the second, third and 

10 fourth additions, an additional 30 ml of tetrahydrofuran was added. The mlxture(contalning crystals) was 
stirred overnight at room temperature and filtered. The filtrate was concentrated under vacuum to an oil. 
The crystals and the oil were combined and 42 ml of cold 1N hydrochloric acid added. The mixture was 
extracted three times with 40 ml of ethyl acetate and the combined extracts dried (MgS04) and 
concentrated to give 15.03 g of an oil The oil was dissolved in 12 ml of isopropyl acetate plus diisopropyl 

15 ether and chilled to give 4.67 g of crystals, mp 110-112°C. Recrystallization from a mixture of 10 ml of 
isopropyl acetate and 5 ml of diisopropyl ether gave 4.06 g of crystals, mp 110-112^0; [a]g^ +12**±1 (c, 
1 .01 , methanol). 



20 Reference Example 1 3 



Dihydro-3-(1-naphthaienylmethylene)«2,5-furandlone 

25 

A mixture of 38 g of (1-naphthalenylmethylene)butanedioic acid and 270 ml of acetic anhydride was 
heated at 60°C for one hour. The mixture was evaporated under reduced pressure to give 41 .96 g of an oil. 
The oil was crystallized from 220 ml of toluene-hexane (1:1) to give 24.94 g of crystals, mp 162-ie4°C. 

30 

Reference Example 14 



35 

2-(1 -Naphthaleny Imethy l)-3-(tert-buty laminocarbonyl)propionic acid 



To a mixture of 4.7 g of tert-butylamine in 248 ml of dichlorom ethane cooled to 0°C under argon was 
40 added 8.0 g of dihydro-3-(1-naphthalenylmethylene)-2,5-furandione in three equal portions. The mixture was 
stirred for 2 hours at 0°C and the solvent removed under reduced pressure to give 18.4 g of an oil. To this 
oil was added 34 ml of 1 N hydrochloric acid and 34 ml of ethyl acetate. The solid which separated was 
filtered off to give 4.23 gTof white crystals, mp 188-190°C. The organic layer was separated and the 
aqueous layer extracted three times with 34 ml of ethyl acetate. The organic layer and extracts were 
45 combined, dried (MgS04.) and the solvent removed. The residue was triturated with ethyl acetate-toiuene- 
hexane (1:1 :1) to give 1 .82 g of crystals, mp 188-190°C. 

A 2.0 g sample of the preceding compound in 50 ml of methanol containing 0.2 g of 10% palladium on 
carbon was hydrogenated under 50 lb pressure in a Parr hydrogenator. The mixture was filtered through a 
pad of diatomaceous earth and the filtrate concentrated under reduced pressure to give the product as a 
50 solid. 

Reference Example 15 
S- (L-Histidyl) - (8) 2-amino-3-Gyclohe3C7l- (R) l- 

55 — ^ 

( 2 - thlazol vl \ propan- l^ol 
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To a suspension of 0.59 g of 

lf''-Jtert-butoxycarbonyl-i-hlatidin« 

In 6 ml of dlchloromethane was added 0.32 ml of triethylamlne and 1.02 g of benzotrlazol-l-yloxytrls- 
{dimethylamino)phosphonium hexafluorophosphate (BOP). After stirring for one minute, 0.53 g of (S)2- 
amino-3-cycIohexyl-(R)1-(2-thiazolyl)propan-1-ol was added and the mixture was stirred at room tempera- 
ture overnight. The mixture was concentrated under vacuum to give an oil. This oil In 20 ml of ethyl acetate 
was washed once with 5 ml of water, three times with 5 ml portions of 1M sodium bicarbonate and with 5 
ml of brine. The organic layer was dried (MgSO*) and filtered through 8.0 g of hydrous magnesium silicate. 
The hydrous magnesium silicate was washed with three 150 ml portions of ethyl acetate. The filtrate and 
ethyl acetate washes were combined and the solvent removed to give 1.0 g of solid. This solid was 
dissolved in dlchloromethane and the solution filtered through diatomaceous earth. The filtrate was 
evaporated under reduced pressure to give 0.98 g of 

H- [M^- (tart - 

butoxycarbonyl) -ii^'liistldyl]* (8) 2-aaino-3«cyclohaKyl- 
(R) 1- (2-thia8olyl)propan-l-ol 

as a hard glass. The preceding compound (0.98 g) In one ml of ethyl acetate was treated with 10 ml of 2N 
anhydrous hydrochloric acid in ethyl acetate. After stirring for 2 hours 10 ml of hexane was added and the 
mixture filtered to give crystals. The crystals were dissolved in 3 ml of water and 0.4 ml of 15N ammonium 
hydroxide added. The mixture was extracted with ethyl acetate and the extract dried (MgSO*). Tfie solvent 
was removed to give 0.40 g of solid. 



Reference Example 16 



(S)2-Amino-3-cyclohexyKR)1 -(2-pyridiny l)propan-1 -ol 



To a solution of 3.16 g of 2-bromopyridine in 20 ml of dry tetrahydrofuran cooled to -78°C under argon 
was added 11.6 ml of 2.0M n-butyllithium in tetrahydrofuran. After 5 minutes. 3.14 g of 

M-mathoxy-M*methyl*- 
M^rtfirtbutoxycarbonyl-»|j-oycloliaxylalaiilnamida 

In 20 ml of dry tetrahydrofuran was added. The dark solution was stirred at -78°C for one hour. To the 
mixture was added 20 ml of saturated aqueous sodium sulfate solution. After warming to room temperature 
the mixture was poured into 50 ml of water and extracted with ethyl acetate. The organic layer was dried 
(NaaSO*) and the solvent removed. The residue was chromatographed on a silica gel column to give 2.01 g 
of 1.1-dimethylethyl-(S)[1-(cyclohexylmethyl)-2-oxo-2-(2-pyridinyl)ethyl]-carbamate as an oil; [a]g^ +135** ± 
1 (c. 0-812, methanol). 

""The preceding compound (6.49 g) was dissolved in 80 nnl of tetrahydrofuran and the solution cooled to 
-78°C. To this solution was added 40 ml of 1.0M lithium tri-sec-butyl borohydride in tetrahydrofuran over 10 
minutes. The mixture was stirred at -78°C for" 3.5 hours and allowed to warm to room temperature. The 
solution was cooled to -8°C. diluted with 20 ml of water and 20 ml of hydrogen peroxide added dropwise 
(temperature rose to 45°C). The mixture was extracted with ethyl acetate, dried (MgS04) and the solvent 
removed to give 6.38 g of oil. This oil was chromatographed over silica gel with ethyl acetate-hexane (3:7) 
to give 3.12 g of (S)2-(tertbutoxycarbonyl)amino-3-cyclohexyl-(R)1-(2-pyridinyl)propan-1-ol an an oil. The oil 
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was crystallized from hexane to give 1.5 g of crystals, mp 68-69°C; [a]g® +9*^±1 (c, 1.07, methanol). 

To a 1.0 g sample of the preceding compound in 2 ml of dichloromethane was added 2 ml of 
trifluoroacetic acid. After stirring fro 6 hours 15 mi of 2N sodium hydroxide was added. The mixture was 
extracted with three 5 mi portions of dichloromethanerand the combined extracts dried (K2CO3). The 
solvent was removed to give 0.59 g of oil which was crystallized from diisopropyl ether to give 0,27 g of 
product as crystals, mp 59-60*'C. 

itmtmrmr ^^ ^-gjam pl^ 17 
g- [^-Hlstldyl] - (S) 2-anino-3-cycloh«xyl- (R) l- 



To 0.56 g of 

li^ ^tTt ''btttoxycarbonyl-L-'hlstldln# 



in 2 ml of dichloromethane was added 0.30 ml of triethylamlne and 0.97 g of benzotriazol-1-yloxytris- 
(dimethylamino)phosphonium hexafluorophosphate. After 2 minutes, 0.47 g of {S)2-amino-3-cyclohexyl-(R)1- 
(2-pyridinyl)propan-1-ol in one ml of dichloromethane was added. The mixture was stirred overnight and 
refluxed for 5 minutes. The mixture was concentrated under vacuum and the residue in 10 ml of ethyl 
acetate washed with water (2 ml), 2M sodium carbonate (6 ml) and with brine (2 ml). The organic layer was 
dried (Na2S04) and concentrated, the residue was dissolved in formic acid and the solution extracted with 
dichloromethane. The aqueous layer was treated with concentrated ammonium hydroxide and the mixture 
filtered to give 0.8 g of 

H- CM- (tftsi-butoxyoarbonyl) -i-hl»tldyl] (8) 2-amino-3- 
eyclohaxyl- (R) 1* (2-pyridinyl)prop«n-l«ol 

as an amorphous solid. 

To the preceding compound (1.03 g) in 2 ml of dichloromethane cooled to 0°C added 2 ml of 
trifluoroacetic acid. After 3 hours, 15 ml of 2N sodium hydroxide was added while cooling in an ice bath. 
The mixture was extracted with three 5 ml portions of dichloromethane. The extract was dried(Na2S04.) and 
the solvent removed under vacuum to give 0.4 g of solid. This solid was chromatographed on five 20 x 20 x 
0.2 cm thick layer silica gel plates with dichloromethane-methanol-ammonium hydroxide (9;1 ,2:0.2) as 
solvent to give 0.19 g of the product of the Example as an amorphous solid; [a]§® + 4® (c,1.00. CH3OH). 

A mixture of 0.41 g of 

H^Tttrt-butoxycarbonyl-i-hlstldin« 

and 0.28 g of N,N-carbonyIdilmidazole In 2 ml of tetrahydrofuran was stirred one hour and warmed briefly. 
To the solution was added 0.34 g of (S)2-am[no-3-cyclohexyl-(R)1-(2-pyridinyl)propan-1-ol. The mixture was 
stirred overnight. To the mixture was added a mixture of 28 mg of 

H^-JElJtt-butoxycarbonyl-i- hlstidlna 

and 28 mg of N.N-carbonyldiimidazole in 0.2 ml of tetrahydrofuran which had been stirred 2 hours. The 
mixture was stirred for 2 hours and the solvent removed under vacuum. The residue in 5 ml of ethyl acetate 
was washed three times with 2 ml portions of 1M sodium carbonate, water and brine. The organic layer was 
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55 



dried (Na2S04) and the solvent removed to give 0.66 g of foam. This foam was dissolved in 1.3 ml of 
dichloromethane. cooled to 0°C and 1 .3 ml of trifluoroacetic acid added. The solution was stirred for 2 days 
and 20 ml of 2N sodium hydroxide added. The mixture was extracted with three 10 ml portions of 
dichloromethane.~The extract was concentrated under vacuum to give 0.39 g of solid. The solid was 
chromatographed on five 20 x 20 x 0.2 cm thick layer silica gel plates with dlchloromethane-methanol- 
ammonium hydroxide (9:1,2:0.2) as solvent to give 0.14 g of the product of the Example as an amorphous 
solid. 

gMea mraMDla 18 



iii«^thvl«llvlo«vl oropw 



To a suspension of 1.10 g of 

c8rbonYl*H*ir- (b8n8YlozYB8thYl) *I;^lii8tidlB8 

in 3 ml of dichloromethane was added 0.41 ml of triethylamine. To this solution was added 1.28 g of 
benzotrlazol-1-yloxytris(dimethy!amino)phosphonium hexafluorophosphate. After stirring for 1.5 minutes. 
0.87 g of (S)2-amino-3- cycIohexyl-(R)1-(2-thiazoiyl)-1-[(tert-butyldlmethyl)sllyloxy]propane and 0.5 ml of 
dichloromethane. The mixture was stirred at room temperature overnight and the solvent removed under 
vacuum. The residue in 20 ml of ethyl acetate was washed three times each with IN hydrochloric acid and 
1M sodium bicarbonate- The organic layer was dried (NaaSO*) and the solvent removed and the residual 
solid dried to give 1.68 g of glassy solid. 

The preceding solid (1.68 g) In 2 ml of dichloromethane was chilled to 0°C and 2 ml of trifluoroacetic 
acid added. The mixture was allowed to warm to room temperature and was stirred overnight. The solvent 
was removed under reduced pressure and the residual gum dissolved In 10 ml of ethyl acetate. The 
solution was washed twice with 10 ml of 7.5N ammonium hydroxide and brine. The organic layer was dried 
(Na2S04) and the solvent removed to give l!4 g of product as an amorphous solid. 

Reference Example 19 



(S)4-(1 -Methy lethy l)-3'(1 -oxo-3-pheny Ipropy l)-2-oxa2olidinone 

To a solution of 2.5 g of (4S)4-isopropyl-2-oxa2olidinone in 60 ml of dry tetrahydrofuran under argon, 
cooled to -78°C was added 8 ml n-butyllithium (2.5M in hexane). The suspension was allowed to warm 
slowly to 0°C and then cooled to -78°C (total time SO^minutes). To the well stirred suspension was added 
dropwise 3.3 ml of 3-phenylpropionyl chloride. The resulting solution was stirred at -78*'C for 2 hours and at 
O^C for 0.5 hour. To the solution was added 20 ml of saturated sodium bicarbonate and mixture 
concentrated under reduced pressure. The suspension was diluted with 20 ml of water and extracted with 
150 ml of ethyl acetate. The extract was washed with brine, dried (NaaSO^) and the solvent removed to 
give 5.67 g of colorless oil. This oil cyrstallized on standing and the crystals were triturated with hexane to 
give 6.0 g of crystals: [a]g® +71°±1 (c, 1.182. CHCI3). 
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Reference Example 20 



5 1 .1 "Dimethylethyi (S)4>(1 -methylethyl)-gamma,2-dioxo-(R)beta-(pheny Imethy l)"3"Oxazolidinebutanoate 



To 0.22 g of N.N-dilsopropylamine in 4 ml of tetrahydrofuran chilled to 0*^0 under argon was added 0.84 
ml of n-butylllthiurrr(2.5M In hexane). After 20 minutes the solution was cooled to -78°C and a solution of 

10 0.52 g^of (S)4-(1-methyTethyl)-3-(1-oxo-3-phenylpropyl)-2-oxazolldinone In one ml of tetrahydrofuran was 
added. The mixture was stirred at -78°C for 0.5 hour and 0.82 ml of tert-butyl bromoacetate added. The 
mixture was stirred at -78°C for 2 hours. -60°C for one hour and warmed to -15°C over 3 hours. To the 
mixture was added 5 ml of 1N hydrochloric acid and 20 ml of ethyl acetate. The organic layer was 
separated and washed with 10 ml of saturated sodium bicarbonate, brine and dried (Na2S0^). The solvent 

75 was removed to give 1 .07 g of yellow solid. Washing the solid with hexane gave 0.55 g of white solid; [a]§^ 
+ 98°±1 (c. 0.941. CHCI3). 

Reference Example 21 

20 



(R)2"(Phenyimethyl)butanedioic acid, 4-(1,1-dimethylethyl)ester 

25 

To a solution of 0.10 g of 1,1 -dimethylethyi (S)4-(1-methylethyl)-gamma,2-dioxo-(R)beta-(phenylmethyl)- 
3-oxazolidinebutanoate in 9 ml of tetrahydrofuran and 3 ml of water, cooled to O'^C, was added 0.18 ml of 
30% hydrogen peroxide, followed by addition of 23 mg of lithium hydroxide. The suspension was stirred at 
room temperature for 1.5 hours. To the solution was added, at 0°C, 2 ml of 1M sodium sulfite and the 
30 mixture stirred for 15 minutes at room temperature. Saturated sodium bicarboriate was added and the 
solvent removed under reduced pressure. The residue In 2 ml of water was extracted with two 5 ml portions 
of dichloromethane. The aqueous solution was acidified with 6N hydrochloric acid and extracted with 15 ml 
of ethyl acetate. The extract was dried (NaaSO*) and the solvent removed to give 0.080 g of white solid; 
[ot]g® +8*>±1 (c. 1.002, CHCI3). 

35 

RafTsnca Example 22 
M- (L-Hlatidyl) - (S) 2-amino-4-mathyl- (R) l- 

(2-thiagclvHpantan-i-Ql 

45 A mixture of 3.44 g of 

M^ -tart -btttoxycar- 
bonyl«fi-laida2ola-toayl-li-hiatldiaa, 

50 — 

1.44 g of diethyl cyanophosphate and 1.3 ml of triethylamlne in 50 ml of dichloromethane was stirred at b**C 
for one hour. A 1.4 g portion of (S)2-amino-4-methyl-(R)1-{2-thlazo!yl)pentan-1-ol was added and stirring 
was continued at 0°C for 20 hours then for one hour at room temperature. The mixture was diluted with 
55 dichloromethane and washed with 50% saturated sodium bicarbonate. The aqueous phase was separated 
and extracted with dichloromethane. The organic phase and extract were combined, washed with water and 
brine, dried and evaporated in vacuo to a gum. This gum was dissolved in 70 ml of methanol and 2.84 g of 
1 -hydroxy benzotriazole added. The mixture was stirred for 21 hours and the solvent removed in vacuo. The 
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residue was dissolved In ethy) acetate, washed with IN sodium hydroxide, brine, dried and the solvent 
rennoved in vacuo . The residue was chromatographed" on a flash silica gel column, eluting with 5% 
methanol iF ethyl acetate, to give 1.33 g of 

l!°^r£l£$*l>utox7oarboB7l«Ii-]iiatid7X 

-(1R,2S)-2-amino-4-methyI-1-(2-thiazolyi)pentan-1-ol: [a]§^ -34°i1 (c. 0.848, methanol. 

A 1.1 g portion of the above compound was dissolved in a mixture of 5 ml of dichloromethane and 1.9 
ml of trifluoroacetic acid and stirred for 16 hours. The solution was treated with 15 ml of IN sodium 
hydroxide which was saturated with sodium chloride and extracted with 3 x 30 ml of dichloromethane. The 
extracts were combined, dried and evap orated in vacuo . The residue was triturated with etherhexane. 
giving 

L-hiatidyl- (1R,2S) -2-aalno-4-m0thyl«i- (2- 
thiazolyl) pentan-l-ol 

as a solid. 

Reference Example 23 
N- (L-Bistidyl) - (8) 2-a]iiino-3->cyclQbexyl- (R) l- 

(2-thiagelvl)propan-l^Ql 



A mixture of 0.45 g of phenyl dichlorophosphate and 0.71 g of imidazole in 10 ml of dichloromethane 
under argon, was allowed to stand 0.5 hour, then cooled to 0°C and 0.86 g of 

B!**-.t43:jfe-butoxycarbonyl- 

H-iaidaaole-tosyl-A-bistidine 

was added. The mixture was stirred for 2 hours at O^C, then a solution of 0.48 g of (S)2-amino-3-cyclohexyi- 
(R)1-(2-thiazolyl)propan-1-ol in 2 ml of dichloromethane was added. The mixture was stirred at 0°C for 17 
hours and then at room temperature for one day. A 30 ml portion of dichloromethane was added and the 
solution washed with 30 ml of 50% saturated sodium bicarbonate. The aqueous layer was separated and 
extracted with 2 x 20 ml of dichloromethane. The organic layer and extracts were combined, washed with 
30 ml of water and 30 ml of brine, dried and the solvent removed. The residue was washed with 4 x 10 ml 
of hexane:ether (4:1) to give 1.34 g of white solid. 

To 1.2 g of the above solid in 30 ml of methanol was added 0.77 g of 1 -hydroxy benzotriazole. This 
mixture was stirred for 20 hours, then the solvent was removed in vacuo. The residue was dissolved in 60 
ml of ethyl acetate, washed with 3 x 10 ml of IN sodium hydroxide and 10 ml of brine, dried and the 
solvent removed. The residue was flash chromatographed on silica gel, eluting with 5% methanol in ethyl 
acetate and gave 0.61 g of 

tert ^btttoxvcarbonvl-L-liletldyl- ( IR^ 28 ) - 
2-aaiiio*3*cyolotiexyl-l«(2-thiasol-X)propaa-l-ol 

as a white solid; [ajg® -55°±2 (c, 0.46, methanol). 

A 0.48 g portion of the above compound in 2 ml of dichloromethane and 0.8 ml of trifluoroacetic acid 
was stirred for 20 hours, then treated with 15 ml of sodium chloride saturated IN sodium hydroxide and 
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extracted with 3 x 30 ml of dichloromethane. The extracts were combined, dried and evaporated. The 
residue was triturated with ether-hexane, giving 0.35 g of 

Ii-biatidyl-(iR,28)-2-«BiBo-3-eyeloh«xyl'l- (2-tbiazolyl) - 
propan-l-ol 

as a white solid; [a]§® -41 ^'iS (c, 0.288. methanol). 

10 

Reference Example 24 



(S)2-Amino-4-(methylthio)-(R)1 -(2-thia20lyl)-butan-1 -ol 



20 



To a mixture of 17.6 g of imidazole In 150 ml of dichloromethane was added dropwise 11.0 g of phenyl 
dichlorophosphate. The mixture was cooled to O^C and 12.4 g of 

M^ ^tart ^btttogvcmrbonvl^L^aathionina 



25 in 60 ml of dichloromethane was added at a rate to maintain the temperature of the reaction at 0°C to 5*^0. 
The mixture was stirred at 0°C for one hour and 5.1 g of N-methoxy-N-methylamine hydrochloride added. 
The mixture was stirred overnight at room temperature, filtered and the" solid washed with dichloromethane. 
The filtrate was washed with 100 ml each of 2N citric acid, IM sodium bicarbonate, saturated sodium 
chloride and dried (MgSO*). The solvent was removed under reduced pressure to give 11.3 g of colorless 

30 oil; Ia]g® -45°±1 (c. 9.989, CH3OH). 

The preceding compound (11.3 g) was dissolved in 320 ml of ether under argon and 1.85 g of solid 
iithium aluminumhydride (1-AH) added In small portions (solution becomes warm and refluxes). After 0.5 
hour the solution was cooled in an ice bath and 320 ml of IM potassium hydrogensulfate (KHSO4.) added 
slowly. The organic layer was separated and the aqueous layer extracted three times with 200 ml of ether. 

35 The organic layer and extracts were combined and washed with three 100 ml portions of 3N hydrochloric 
acid, two 100 ml portions of IM sodium bicarbonate and 50 ml of brine. The organic layer was dried 
(MgSO^) and the solvent remove? under vacuum to give 8.68 g of 

^ M^« 'tart -butoxvcarbonvl-L-mathionlnal 



as an oil. 

To a solution of 6.8 g of the preceding compound in 20 ml of dichloromethane was added 4.7 g of 2- 
trimethylsilylthiazole in 5 ml of dichloromethane (reaction temperature rose to 42*^0). The mixture was 
stirred under argon at room temperature overnight. The solution was cooled to 0°C and 13 ml of a 1.0M 
solution of tetrabutylammonium fluoride in tetrahydrofuran added dropwise. The mixture was refluxed on"a 
steam bath for 1.5 hours and the solvent removed under vacuum. The residue in 40 ml of ethyl acetate was 
washed with 25 ml each of 2N citric acid. IM sodium bicarbonate, brine and dried (MgSO*). The solvent 
was removed to give 10.4 g of~an oil. "~ 

To the preceding oil (10.4 g) in 10 ml of ethyl acetate was added 10 equivalents of 2N anhydrous 
hydrochloric acid in ethyl acetate. After stirring at room temperature for 2 hours, the mixture vvis cooled to 
0°C, diluted with 50 ml of hexane, chilled and filtered. The solid was quickly dissolved in 15 ml of water and 
4 ml of concentrated ammonium hydroxide added dropwise. The mixture was extracted three times 
dichloromethane and the extract dried (MgS04.) and the solvent removed to give 1.72 g of oil. The mother 
liquors from the 2N HCI-ethyl acetate treatment were extracted with IN aqueous hydrochloric acid and the 
aqueous layer treated with concentrated ammonium hydroxide. Thi" mixture was extracted with dich- 
loromethane to give an additional 0.82 g of oil. 

The combined oil (1.72 g plus 0.82 g) was chromatographed on silica gel by HPLC on Water-prep 500 



42 



EP 0 427 939 A2 



instrument with 5% methanol in ethyl acetate containing 3% N-methylmorphoIine as solvent. The fractions 
containing product were combined and a portion of the oil obtained was sublimed to give 0.159 g of 
crystals, mp 63-65«C; [«]§^ -29*^*1 (c. 1.01. CHaOH). 

Reference Example 25 
H- (L-L«^cyl) - (8) 2-aAino-*4- (methylthio) - (R) 1- 

( 2 - thlaze l yl ^ butan^ l-ol 



To a sample of 1 .6 mmol of 

1!^-) (tert-butoxy- 

carbonyl) -L'leucine 

in 1 .6 ml of dichloromethane (dried over magnesium sulfate) was added 0.22 ml of triethylamlne and 0.71 g 
of benzotriazol-1-yloxytrls(dimethylamino)phosphonium hexafluorophosphate. After one minute 0.32 g of (S)- 
2-amino-4-(methylthio)-(R)1-(2-thlazolyl)butan-1-ol was added. The mixture was stirred overnight and the 
solvent removed under vacuum to give 0.60 g of 

H- [!!• ( tftst-butoxycarbcnyl ) -L- 
leucyl] - (8) 2-amino-4- (methylthio) - (R) 1- (2-thiaaolyl) - 
butan-l-*ol 

as an oil. 

To the preceding compound (0.60 g) in 2 ml of ethyl acetate was added 7.5 ml of 2N anhydrous 
hydrochloric in ethyl acetate. The mixture was stirred at room temperature for 2 hours and 10 ml of hexane 
added. The mixture was chilled and filtered to give a yellow solid. This solid was dissolved in 2 ml of water 
and 0.3 ml of concentrated ammonium hydroxide added. The mixture was filtered to give 0.29 g of the 
product of the Example as crystals, mp 83-85*'C. 

Referenca Baample 29 

M- (L-Hiatidyl) - (8) 2-a mlno^4^methYl- (R) l- (2- 



To a suspension of 2.4 g of 

if^ ^tart >bttto»y- 

oarbonyl-L--bl8tidiae 

in 24 ml of dichloromethane was added 1.3 ml of triethylamlne. followed by the addition of 4.2 g of 
ben20triazol-l-yloxytris(dimethylamfno) phosphonlum hexafluorophosphate (BOP). The mixture was stirred 
under argon for 2 minutes and 1.73 g of (S)2-amino-4-methyl-(R)1-(2-thiazolyl)pentan-1-ol added. The 
mixture was stirred for 4 days and the solvent removed. The residue was dissolved In 20 ml of ethyl acetate 
and the solution washed with 10 ml of water, three 10 ml portions of 1M sodium bicarbonate, 5 ml of 2N 
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citric acid and 20 ml of 1M sodium bicarbonate. The organic layer was dried (MgSO*) and then filtered 
through a thin pad of hydrous magnesium silicate (pad washed with ethyl acetate). The filtrate was 
concentrated under vacuum to give 2.7 g of 

^ H- CH- { tafit-butoxy- 

carbonyl) -L-taistidyl]* (8) 2-«Aiao-4-a«tliyl- (R) 1- (2«thla* 
zolyl) pantan-l«ol 

10 

as a foam. This foam {2.7 g) was dissolved in 5 ml of ethyl acetate and to the solution was added 30 ml of 
2N anhydrous hydrochloric acid in ethyl acetate. The mixture was stirred for 2 hours (crystals separated) 
and 35 ml of hexane added. The mixture was filtered to give 4.55 g of 

75 

H-(L-histldyl)« 
(8) 2-aBiao--4-aatliyI« <R) 1- (2-thlaiolyl) paataa-l-ol, 

20 

dihydrochloride as white hydroscopic crystals. The crystals were dissolved In 9 ml of water and 3 ml of 
concentrated ammonium hydroxide added. The mixture was extracted with ethyl acetate, the extract dried 
(MgSO*) and the solvent removed under vacuum to give 1 .23 g of 

M- (l-bl8ti*yl) - (8) 2-aaiao-4-«athyl- (R) 1- (2-tlila«olyl) p- 
aataa-l-ol 

30 as a foam. 

Reference Example 27 



(S)4-(1 -Methylethyl)-3-[3-(1 -naphthalenyl)-1 -oxopropy l]-2-oxazolidinone 

40 To a solution of (4S)4-isopropyl-2-oxa20lldine (10.19 g) in 160 ml of dry tetrahydrofuran cooled to 
-78*'C, was slowly added 41 .39 ml of a 2.1 1 molar solution of n-butyllithium In hexanes. The mixture was 
stirred at -78*'C for 45 minutes and then a solution of 18.99 g of 3-(1-naphthalenyl)proplonyl chloride in 25.0 
ml of tetrahydrofuran added over 10 minutes. After 4 hours at -78°C. the mixture was quenched with 100 ml 
of saturated ammonium chloride solution and diluted with 100 ml of water. The mixture was extracted with 

45 dichloromethane and the extract washed with saturated sodium bicarbonate, brine and dried (MgSO*). The 
solvent was removed under vacuum and the residue chromatographed on silica gel with a Waters-prep 500 
HPLC with ethyl acetate-hexanes (1:4) as solvent. Fractions containing product were combined and the 
solvent removed to give 14.65 g of an oil which crystallized on trituration with ethyl acetate-hexanes (1:6); 
(a]g^ +64° (c. 1.18. CHCI3). 

so Following the above procedure the following Reference Examples may be prepared. 
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1 ,1 'Dimethylethyl (R)-beta"[[(S)4"(1 -methyiethy i)-2-oxo-3-oxa2oiicliny i]carbony -naphthalenebutanoate 



To a solution of 10.0 g of (S)4-(1-methylethyl)-3-[3-(1-naphthalenyl)-1-oxopropyl]-2-oxa20lidinone in 
5 140.0 mi of dry tetrahydrofuran, cooled to -78°C. was slowly added 23.58 ml of a 1.5 molar solution of 
lithium diisopropylamide mono(tetrahydrofuran) In cyclohexane. The mixture was stirred for 30 minutes at 
-78°C and then 15.6 ml of tert-butyl bromoacetate was added dropwise. The mixture was stirred at -78°C for 
30 minutes, at -15°C for"3~hours and at 0°C for one hour. The mixture was quenched with 50 ml of 
saturated ammonium chloride solution and extracted with dichloromethane. The extract was washed with 
10 water, brine, dried (MgSO^) and the solvent removed. The residue was crystallized from hexane to give 
7.06 g of white crystals: [ag® +95° (c. 1.03, CHCIa), 

Following the above procedure, the following Reference Examples may be prepared. 
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Reference Example 47 



(S)4-(1 -Methylethyl)beta[(R)1 -naphthalenylmethy l]gamma-2-oxO"3-Qxazolldinebutanoic acid 



10 



To a solution of 3.0 g of 1,1-dimethylethyl {R)-beta-[[(S)4-(1-methy(ethyl)-2-oxo-3-oxazolidinyl]carbonyl]- 
1-naphthalenebutanoate in 22.4 ml of dichloromethane. cooled to 0°C. was added 22.4 ml of trifluoroacetic 
acid. The mixture was allowed to warm to room temperature and was stirred for one hour. The mixture was 
concentrated under vacuum and to the residue was added 20 ml of saturated sodium bicarbonate. The 
75 aqueous layer was acidified with 5% hydrochloric acid and extracted with dichloromethane. The extract was 
washed with brine, dried (MgS04) and the solvent removed under vacuum to give a solid; Wl^ +116® (c, 
1.06. CHCI3). 

20 Reference Example 48 



25 



40 



45 



50 



55 



4-[4-[(S)4-{1 -Methylethyl)-2-oxo-3-oxazolidinyl]-3-[(R)1 -naphthalenyimethy l)-1 .4-dioxobuty 



To a solution of (S)4-(1-methylethyl)beta-[(R)1-naphthalenylmethyl]-gamma-2-oxo-3-oxa20lidlne-butanoic 
acid (7.06 mmol) in 57.3 ml of dichloromethane, cooled to 0°C, was added 0.769 ml (8.83 mmol) of 
morpholine, 1.47 ml (0.011 mmol) of triethylamine and 1.47 ml (9.69 mmol) of diethyl cyanophosphonate. 
30 The mixture was allowed to warm to room temperature and was stirred for 2 hours. The mixture was filtered 
through a thin pad of hydrous magnesium silicate and the pad washed with chloroform. The filtrate was 
concentrated under vacuum and the residue triturated with ether to give 2.70 g of white solid; + 94° (c, 
1005. CHCI3). 

The above procedure may be used to prepare the following compounds. 
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Reference Example 49 



40 (RHI-NaphthalenylmethyQbutanedioic acid, 4-(1 ,1-dimethy lathy Qester 

To a solution of 2.84 g of 1,1-dimethylethyl (R)-beta-[(S)4-{1-methylethyl)-2-oxo-3-oxazolidinyl]carbonyl]- 
1-naphthalenebutanoate in 134 ml of tetrahydrofuran-water (3:1), cooled to 0**C, was added 4.6 ml of 30% 

45 hydrogen peroxide, followed by 0.563 g of lithium hydroxide monohydrate. The suspension was stirred at 
0°C for 30 minute and at room temperature for one hour. The mixture was cooled to 0°C and quenched with 
29.4 ml of a 1.5 molar aqueous solution of sodium sulfite. The mixture was concentrated under vacuum. 
The resulting mixture (pH = 12) was extracted with dichloromethane. The aqueous layer was acidified with 
5% hydrochloric acid and extracted with ethyl acetate. The extract was washed with brine, dried (MgS04) 

50 and the solvent removed under vacuum. The residue was chromatographed on silica gel with a Water-prep 
500 HPLC instrument with ethyl acetate-hexane-acetic acid (1:4:0.025) to give 1.99 g of a white solid; [or]g^ 
0° (c. 1.0. CHCb). 

The preceding compound was further characterized by reaction with diazomethane to give (R)-(l- 
naphthaIenylmethyl)butanedioic acid, 4-(1,1-dimethylethyl)-1 -methyl ester as a colorless oil; [a]g^ +13° (c. 
55 1.0. CHCIs). 

Following the above procedure, the following Reference Examples were prepared. 
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Reference Example 54 
5 N- (L-Bistidyl ) - (8) 2-amino-3-cyolohe3cyl« (R) l- (2- 

thiazolyl) -1- (tert-butyldimethylsilyloxy) propane 



10 

To a solution of 25 ml of 3.9 g of imidazole In 25 ml of dichlorom ethane was added 1.7 ml of phenyl 
dichlorophosphate. After stining under nitrogen at room temperature for 20 minutes, the mixture was chilled 
to O^C and 2.94 g of 

75 

rtert-but oxyoarbony 1 -•L* hlstidine 

20 was added. The mixture was stirred at 0°C for one hour and 3.68 g of (S)2-amino-3-cycIohexyl-(R)1-(2- 
thiazoIyl)-1-(tert-butyIdimethylsHyloxy)propane In 5 ml of dichloromethane added. The mixture was stirred at 
room temperifure overnight, filtered and the filtrate concentrated under vacuum. The residue in 50 ml of 
ethyl acetate was washed (three times) with 10 ml of 2M sodium carbonate, with brine. The aqueous layer 
was extracted with ethyl acetate. The organic layer sJTd ethyl acetate extracts were combined and the 

26 solvent removed to give 7.0 g of a foam (after drying under vacuum). This solid was dissolved in 10 ml of 
dichloromethane and the solution cooled to 0°C. To the solution was added 10 ml of trifluoroacetic acid. 
The solution was stirred at room temperature over night and then refluxed for 2 hours. The solution was 
cooled to 0°C and added to 130 ml of 2N sodium hydroxide. The mixture was filtered and the organic layer 
separated. The aqueous layer was extracted with ethyl acetate. The organic layer and extracts were 

30 combined and dried (NazSO*). The solvent was removed under vacuum to give 4.93 g of solid. This solid 
was chromatographed on silica gel with ja Waters-prep 500 HPLC apparatus with dichloromethane- 
methanol-trlethylamine (95:4:1) as solvent. The fractions containing product were combined, the solvent 
removed and the solid dissolved in ethyl acetate. The solution was washed three times with 5 ml portions of 
brine, dried (NaaSO*) and filtered through diatomaceous earth. The filtrate was concentrated and the 

35 residue dried under vacuum to give 3.92 g of foam: [a]g^ -43°±1 (c. 1.099, CH3OH); FAB mass spectrum - 
M + H = 492. 



Reference Example 55 

40 



(S)2*Amlno-3-cyclohexyl-(R)1 -(2-furanyl)propan-1 -ol 

45 

A. 1 ,1 -DImethylethyl (S)-[1 -(cycIohexylmethyl)-2-(2-furanyl)-2-oxoethyl]carbamate 
A solution of 1 .57 g of 

50 

M^aettaoxy-H-metliyl 
g^-t-butoxycarbonyl-|i-cyclohexylalaninamide 

55 

in 16 ml of dry tetrahydrofuran was cooled to under argon. To the solution was added dropwise 5.9 

ml of secondary butyliithium (0.85M in hexane). The viscous mixture was stirred at -78°C for 1,5 hours and 
then warmed to O^^C and stirred for~5 minutes. (Solution A) 
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A solution of 0.73 ml of furan in 5 ml of dry tetrahydrofuran was cooled to 0°C and 3.8 ml of n- 
butyllithium (2.35M in hexane) added. The yellow suspension was stirred at 0°C for 1.7 hours and then 
allowed to warm to'room temperature for 15 minutes, (yellow solution B) 

The yellow solution B was added to solution A and the mixture stirred at 0°C for 1.5 hours. The mixture 
5 was quenched with 5 ml of saturated aqueous ammonium chloride and the solvent tetrahydrofuran removed 
under vacuum. The residue was diluted with 50 ml of ethyl acetate and 20 ml of IN hydrochloric acid. The 
organic phase was separated and washed successively with 20 ml of IN hydrochloric acid. 20 ml of water, 
20 ml of saturated sodium bicarbonate, 20 ml of brine and dried over sodium sulfate. The solvent was 
removed under vacuum to give 1,63 g of a light brown gum. This gum was dissolved in ether-hexane (1:5 
10 and the solution filtered through a thin pad of hydrous magnesium silicate. The pad was washed with ether- 
hexane (1:5) and the filtrate concentrated. The residue was triturated with hexane to give 1.23 g of light 
yellow crystals; [a]g^ +41*'±1 (c, 1.14, methanol). 

75 B. (S)2-(N-tert-Butoxycarbonyl)amino-3-cyclohexyl-(R.S)1 -(2-f uranyl)propan-1 -ol 

A solution of 0.16 g of 1,1-dimethylethyl (S)-[1-(cyclohexylmethyl)-2-(2-furanyl)-2-oxoethyl]carbamate in 
2 ml of dry tetrahydrofuran and 0.2 ml of methanol was cooled to 0°C under argon and 23 mg of sodium 
borohydride added. The solution was stirred at O^C for one hour and quenched with 2 ml of saturated 

20 aqueous ammonium chloride. The organic solvent was removed under vacuum and the residue diluted with 
5 ml of saturated aqueous ammonium chloride. The organic solvent was removed under vacuum and the 
residue diluted with 5 ml of water and extracted with 10 ml of ethyl acetate. The organic layer was 
separated, washed successively with 5 ml of 0.5N hydrochloric acid, 5 ml of saturated sodium bicarbonate, 
5 ml of brine and dried over sodium sulfate. The solvent was removed under vacuum to give 0.19 g of 

25 gummy solid. 



C. (4S-trans) 4-(Cyclohexylmethyl)-5-(2-furanyl)-2-oxazolidinone 

30 To a solution of 0.23 g of (S)2-(N-tert)-butoxycarbonyl)amino-3-cyclohexyl-(R.S)1-(2-furanyl)-propan-1-ol 
in 3 ml of dichloromethane was added~a06 ml of trifluoroacetic acid. The solution was stirred for 23 hours 
at room temperature, washed with IN sodium hydroxide, dried over sodium sulfate and the solvent removed 
to give 0.17 g of solid. This solid wai dissolved in dichloromethane-ethyl acetate (9:1) and filtered through a 
thin pad of hydrous magnesium silicate. The filter pad was washed with two 10 ml portions of 

35 dichloromethane-ethyl acetate (9:1) and the filtrate and washes combined. The solvent was removed and 
residual solid washed with hexane to give 0.10 g of white crystals; [a]§6 -124°±2 (c. 0.417. CH3OH). 



D, (S)2-Amino-3-cyclohexyl-(R)1 -(2-furanyl)propan-1 -ol 

40 

A 0.15 g sample of (4S-trans) 4-(cyclohexylmethyl)-5-(2-furanyl)-2-oxa20lidinone was dissolved in a 
mixture of 3 ml of ethanol and 3 ml of IN sodium hydroxide. The solution was refluxed for 17 hours, diluted 
with 3 ml of water and concentrated under vacuum to remove the ethanol. The aqueous residue was 
extracted with two 5 ml portions of dichloromethane and the extracts dried over sodium sulfate. The solvent 
45 was removed to give 0.15 g of solid which was washed with hexane to give 0.13 g of white solid; [a]o® 
-10**±2 (c. 0.507. methanol). 

Reference Example 56 

50 



(S)2-Ammo-4-methyl-(R)1 -(2-thienyl)pentan-1 -ol 



A 0.81 g portion of (S)2-(tert-butoxycarbonyl)amino-4-methy!-(R,S)-1-(2-thienyl)pentan-1-ol was dis- 
solved in 5 ml of dichloromethane~and 2.1 ml of trifluoroacetic acid added. This mixture was stirred for 3 
hours, then poured with stirring info 15 ml of Ice-cold 2N sodium hydroxide. The mixture was diluted with 
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25 ml of dichloromethane. the organic layer separated and the aqueous layer extracted with 20 ml of 
dichloromethane. The organic layer and extract were combined, washed with saturated sodium chloride 
solution, dried and the solvent removed in vacuo. The residue was chromatographed on a silica gel column 
with ethyl acetate: hexane (1:4). giving 6J2 g of (4S-trans) 4-(2-methylpropyl)-5-(2-thienyl)-2-oxazolidinone 
5 as a white solid; [a]§^ -141**±2 (c. 0,570, methanol). 

A 0.23 g portion of the above solid was dissolved In 5 ml of 1N sodium hydroxide added. The solution 
was refluxed for 16 hours and then concentrated in vacuo . The residue was extracted with two 10 ml 
portions of dichloromethane. The extracts were combined, dried and the solvent removed In vacuo , giving 
0.2 g of the desired compound; Rf 0.045 [silica gel; ethyl acetate-hexane (1 :2). 



Reference Example 57 



15 

(S)2-Amino-3-cyclohexyl-(R)1 -(2-thienyl)propan'1 -ol 



To a solution of 1 .57 g of 

20 

H-methoxy-H-methyl 
H°^- f bu t oxy carbony 1 -L- cy c lohexy 1 a 1 anlnami de 

25 

in 10 ml of diethyl ether, cooled to -78°C, was added under argon 2.1 mi of 2.35M n-butyllithlum in hexane. 
After stirring for one hour, the mixture was allowed to warm to 0°C. To this was added a solution of 2- 
lithiothlophene In ether (prepared from 0.64 g of thiophene in 5 ml of ether and 3.2 ml of 3.25M n- 
butyllithium in hexane at 0°C for one hour). This mixture was stirred at 0°C for 2 hours, then quenched with 

30 15 ml of 1N hydrochloric acid and diluted with 25 ml of ether. The organic layer was separated, washed 
successively with 15 ml of 1N hydrochloric acid, 10 ml of water and 15 ml of saturated sodium bicarbonate, 
dried and filtered through a short pad of hydrous magnesium silicate. The filter pad was washed with ether, 
the filtrate and wash combined and evaporated in vacuo. The residue was washed with hexane and then 
chromatographed on 50 g of silica gel with ethyT acetate-hexane (1:20) as solvent giving 1.2 g of solid. 

35 Crystallization from hexane containing a trace of ether gave (S)l.l-dimethylethyl [1-(cyclohexylmethyl)-2- 
oxo-2-(2-thienyl)ethyl]carbamate as crystals; [a]§® +24**t1 (c, 1.10, methanol). 

A solution of 0.51 g of the above compound In 8 ml of dry tetrahydrofuran was cooled to -78°C under 
argon and 3 ml of I.OM potassium tri-sec-butylborohydride in tetrahydrofuran was added dropwise. This 
mixture was stirred at -78**C for 4 hours.lhin quenched with 5 ml of saturated aqueous ammonium chloride, 

40 warmed to room temperature and the organic solvent removed in vacuo . The aqueous residue was diluted 
with 5 ml of water and 20 ml of ethyl acetate. The organic layer was separated and washed successively 
with two 5 ml portions of saturated aqueous ammonium chloride, 5 ml of saturated aqueous sodium 
bicarbonate and 5 ml of saturated sodium chloride solution, dried and the sol vent removed In vacuo to give 
(S)2-tert-butoxycarbonylamino-3-cyclohexyl-(R,S)-1-(2-thienyl)propan-1-ol as a gum. 

45 fo"an 18.4 g sample of the preceding gum in 330 ml of dichloromethane cooled to 0°C was added 
16.75 ml of trifluoroacetic acid. The solution was stirred overnight, cooled to 0°C and ice cold IN sodium 
hydroxide (approximately 300 ml) was added. The organic layer was separated and the aqueous layer 
extracted with two 350 ml portions of dichloromethane. The organic layer and extracts were combined, 
washed with two 250 ml portions of brine, dried (Na2S04) and the solvent removed in vacuum to give 14.5 

50 g of solid. 

Trituration with 200 ml of hot hexane, cooling to room temperature and filtering gave 7.5 g of crystals of 
(4S-trans) 4-(cyclohexylmethyl)-5-(2-thienyl)-2-oxa20lidlnone as crystals, mp 105-108°C. 

~ A mixture of 7.0 g of the preceding compound In 13 ml of ethanol and 132 ml of IN sodium hydroxide 
was refluxed for 17 hours. The solvent was removed under vacuum and the residue extracted twice with 
55 200 ml of dichloromethane. The combined extracts were dried (NaaSO^.) and the solvent removed under 
vacuum to give 4.64 g of crystals, mp 62-64°C; [a]§® -35**±1 (c, 1.145. CH3OH). 
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M- CH- [a- (l-Maphthml#nY l»#tliYl#n#) -3^ (morpholino- 
emrboayl > propio nyl] -L-histidyll - (8) 2-Milno>3-CYclo- 



To a solution of 0.3 g of alpha(1-naphthalenylmethylene-gamma-oxo-4-morpholinebutanoic acid and 
0.17 9 of triethylamine in 2 nnl of dichloromethane was added 0.53 g of benzotriazol-l-yloxy-tris- 
(dimethylamlno)phosphonium hexafluorophosphate (BOP). After stirring for one minute. 0.49 g of 

16 

H- (^-hiatidyl) -(8)2- 
aaiao-3-eyololi#zyl- (R) 1- (a-tHiaiolyl) -1- [ (i«it-butyldi- 
mathyl) silyloxy]prop«M 

was added and the mixture was stirred at room temperature overnight. The solvent was removed and to the 
residue was added 2 ml of acetonitrile and one ml of 40% hydrofluoric acid. The mixture was heated at 
55°C for 4 hours. An additional 2 ml of acetonitrile and one ml of 40% hydrofluoric acid was added and the 
mixture heated at 55°C overnight. Ammonium hydroxide was added and the mixture extracted with ethyl 
acetate. The extract was dried (Na2S04.) and concentrated under vacuum. The residue was dissolved in 2 
ml of acetonitrile and one ml of 40% hydrofluoric acid and the mixture heated at 55-60°C for 16 hours. The 
mixture was diluted with 2 ml of water and 5 ml of concentrated ammonium hydroxide. The mixture was 
extracted with ethyl acetate. The extracts were dried (NaaSO*) and the solvent removed. The residue was 
chromatographed on silica gel with dichloromethane-methanol-ammonium hydroxide (9:1.2:0.2) as solvent. 
Fractions containing product were combined and the solvent removed to give 0.18 g of solid. Drying at 
50°C in a vacuum oven gave 0.17 g of glass; [a]g^ -70^±1 (c. 1.023, CH3OH). 

35 Raf ranc# BXMiPl# 99 

(^-Bistldyl ) - (8) 2»M ilnp«3"cycloh#xyl- (R) 1* 



25 



30 



A mixture of 1.18 g of 

-ilXt-butoxycar 

l>oiiyl-Xi*hl8tldlii8 

and 0.65 mi of triethylamine in 6 ml of chloroform was stirred and warmed on a steam bath until most of the 
solid dissolved. To this mixture was added 2.04 g of benzotrlazol-1-gloxy-tris(dimethyl amino)phosphonium 
hexafluorophosphate (BOP) in 2.5 ml of chloroform. The mixture was warmed on a steam bath for 3 minutes 
and 1.0 g of (S)2-amlno-3-cyclohexyl-(R)1-(2-thienyl)propen-1-ol added. The mixture was stirred at room 
temperature overnight and refluxed for 5 minutes. The solvent was removed under reduced pressure and 
the residue dissolved in 25 ml of ethyl acetate. The solution was washed with 10 ml of water, three 10 ml 
portions of 2M sodium carbonate and 10 ml of brine. The organic layer was dried (Na2S04), the solvent 
removed and the residue dried under vacuum to give 1 .7 g of 
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N- [N- (tftTt-butopycarbonyl) -L-histidyl] - 
(8) 2-amino-3-cycloh«xyl- (R) 1- (2 ) -thisnyl) propan-l-ol 

5 

as a white foam. To a 0.40 g sample of the preceding compound In 1 ml of tetrahydrofuran cooled to 0**C, 
was added 3 ml of ice-cold 4N hydrochloric acid. The resulting solution was chilled at 0°C to 4^0 for seven 
days and filtered. To the filtrate was added 1.5 ml of 10N sodium hydroxide. The mixture was extracted 
twice with 2 ml of dichloromethane and the extract dried (Na2S04).The solution was applied to two 
10 20x20x0.2 cm silica gel plates and the plates developed with dichloromethane-methanol-ammonium 
hydroxide (9:1.2:02). The product band was removed and extracted with 5% concentrated ammonium 
hydroxide in methanol. The extract was concentrated under vacuum to give 0.22 g of the product of the 
Example as a gum. 

IS 

Reference Example 60 



(S)2-Amino-3-cyciohexyl-(R)1-2[N-[2'(trimethylsllyl)ethoxy]methyl]imlda20lyl) propan-1-ol 



A solution (cooled to -78**C) of 17.82 g of 1-[[2-(trimethylsilyl)ethoxy]-1H-imidazole in 90 ml of dry 
tetrahydrofuran under argon was added slowly 36 ml of n-butyllithium in tetrahydrofuran (2.5 molar) and 
25 after complete addition the mixture was stirred at -78°C for 1 hour (Solution A). 
To a stirred solution of 18.84 g of 

30 oxy-li»«tliyl-tf^-t-butoxyc«rbonyl-L-oycloh«xyl«laainanida 

in 180 ml of dry tetrahydrofuran chilled to -78°C under argon was added 67 ml of secondary butyllithium In 
hexane (0.85 molar). After the addition the mixture was stirred for 1.5 hours at -78°C (Solution B). 

35 By the use of double-tipped needle technique the solution A was added to the solution B with stirring at 
-78°C. The mixture was stirred at -78°C for one hour and allowed to warm to 0°C and kept (ice bath) at 0°C 
for one hour. The mixture was quenched with 150 ml of saturated ammonium chloride solution and the 
tetrahydrofuran solvent removed under reduced pressure. The residual aqueous layer was extracted twice 
with 150 ml of ethyl acetate. The combined extract was washed with saturated sodium chloride and dried 

40 (NaaSOi). The solvent was removed under vacuum to give 3.50 g of dark orange oil. This oil (35 g) was 
chromatographed on a silica gel column with ethyl acetatehexane (1:10) to give 17.82 g of 1,1-dimethylethyl 
(S)-[1 -(cyclohexy l-methyl)-2-oxo-2-(2-[N-[2-trimethylslly l)ethoxy]methylllmidazolyl)ethyl]carbamate as a yel- 
low visious oil; [a]g® + 15«±1(c.1.234.CH30H). 

To a solution of 19.12 g of the preceding compound in 170 ml of dry tetrahydrofuran cooled to -78'*C 

45 was added dropwise 85 ml of potassium tri-sec-butylborohydride in tetrahydrofuran (1.0M). After the 
addition, the mixture was stirred at -78°C for 2 hours and 170 ml of saturated ammonium chloride solution 
was added. The mixture was allowed to warm to room temperature and the tetrahydrofuran removed under 
vacuum. The aqueous residue was dilated with 50 ml of hydrogen peroxide (30% by weight in water) added 
dropwise (exothermic). After the addition was complete, the ice bath was removed and the mixture stirred 

50 for one hour. The mixture was cooled to 0**C and 93 g of sodium sulfate added in six equal portions. The 
mixture was stirred for 15 minutes, the organic layer separated, and the aqueous layer extracted with 200 
ml of ethyl acetate. The organic layer and the extract were combined, dried over NaaSO* and the solvent 
removed to give a white solid. The solid was dissolved in a mixture of 400 ml of hexane and 50 ml of ethyl 
acetate by warming on a steam bath. Cooling gave 14.13 g of (S)2-tert- butoxycarbonylamin-3-cyclohexyl- 

56 (R)1-(2-[N-[2-(trimethylsilyl)-ethoxy]methyl]imidazolyI)propan-1-ol as white crystals, mp 97-99°C; [a]|^ *®° 
±1(c. 1.1"5.CH30H). 

A 20 g sample of the precedign compound was dissolved in 110 ml of ethanol. To the stirred solution 
was added 110 ml of 2N hydrochloric acid and the solution heated in an oil bath at 70°C to 75^0 for 2 
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hours. The solution was diluted with 85 ml of water and concentrated under vacuum to remove the ethanol. 
The aqueous residue was chilled to 0°C and made basic with 2N sodium hydroxide. The mixture was 
extracted twice with 300 ml of ethyl acetate and the extracts combined. The extract was washed with 250 
ml of brine, dried (Na2S04.) and the solvent removed under vacuum. The residue was dried at 55°C for 5 
hours to give 14.1 g of (S)2-amino-3-cyclohexyl-(R)1-(2-[N-t2-(trimethylsilyl)ethoxy]methyl]imidazole)^^^ 
l-ol as a light yellow oil; [a]§® -8°±1{c.1.05.CH3OH). 

M-IL-Hiatid yl) - (8) 2-Mino*3-cYOlo- 
h«xyl- ( R) 1-2 (2- CM- [2* (triaathYlsilyl) 
^fch^irvl Mathivi i»ld«iolvl ) proPM-l-Pl 



To a solution of 30.45 g of imidazole in 150 ml of chloroform under argon was added 12.60 of phenyl 
dichlorophosphate in 50 ml of chloroform. The mixture was stirred at room temperature for 0.5 hour and 
then cooled to 0*^C. To the cooled mixture was added 15.24 g of 

ii° -t:Tt btttoCTc«bonyl-L'"hi«tidin# 

and the mixture stirred for 2 hours. To the solution was added dropwise 14.1 g of (S)2-amino-3-cyclohexyl- 
(R)1-(2-[N-[2-(trimethylsilyl)ethoxy]methyl]imidazolyl)propan-1-ol in 40 ml of chloroform. The mixture was 
stin-ed aFo^C for 44 hours, diluted with 400 ml of water and extracted with 1 liter of ethyl acetate. The 
extract was washed with two 350 ml portions of water, 350 ml of saturated sodium carbonate solution and 
dried (NaaSO*). The solvent was removed to give 29.0 g of solid. This solid was dissolved In 200 ml of 
methanol and 100 ml of IN sodium hydroxide added. The solution was stirred overnight at room 
temperature, diluted with lOOThi of water and concentrated under vacuum. The mixture was extracted with 
two 300 ml portions of ethylacetate and the extract washed with 250 ml of brine and dried (Na2S04) the 
solvent was removed under vacuum to give 24.6 g of a glass. 

p^^^rane^ Example 62 
H-iL-Histidyl) - (8) 2« anino-3«cYcloliexyl- (R) 1- 



As described for Reference Example 59. a mixture of 1.28 g of 

H-ilEt^toutoxycarbcnyl-L-liiatldin* r 

0.72 ml of trimethylamlne and 0.005 mole of benzotrlazol-1-gloxytrls(dimethylamlno)phosphonium hex- 
afluorophosphate in 10 ml of chloroform was warmed and stirred for 3 minutes. To this misture was added 
1.12 g of (S)2-amino-3-cyclohexyl-(R)-1-(2-furanyl)propan-1-ol and the mixture stirred for 16 hours. Work up 
as 9 and removal of the N-tert-butoxycarbonyl blocking group as described for Reference Example 59 gave 
0.2 g of the product as a glass. 

Reference Example 63 
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N-[2"(2*methylpropoxy)glycylh(S)2-amino*3-cyclohexyl-(R)1"(2-pyriclinyl)propan-1-ot 



A mixture of 30.33 g of benzyl carbonate. 20.2 g of glyoxylic and in 200 ml of ether was stirred at room 
5 temperature overnight. The solution was cooled at 0°C for 30 minutes, filtered and the solid washed with 
ether. The solid was dried to give 28.2 g of N-(benzyloxycarbonyl)"2-hydroxyglyclne as crystals, mp 194- 
198°C. 

A mixture of the preceding compound (4.0 g) in 80 ml of 2-methylpropanol and 0.4 ml of concentrated 
sulfuric and was stirred at room temperature overnight The solution was diluted with 100 ml of ethyl acetate 

10 and washed with 10% sodium bicarbonate, water and brine. The organic layer was dried (MgS04) and the 
solvent removed. The residue (5.8 g) was dissolved In chloroform and the solution filtered through a short 
silica gel column. The filtrate was concentrated under vacuum to give 3.36 g of 2-methylpropyl N- 
{benzyloxycarbonyl)-2-(2-methylpropoxyl)glycinate as a clear oil. 

The preceding compound (3.9 g) was dissolved in 120 ml of methanol and 11.6 ml of 1M sodium 

75 hydroxide added. The solution was stirred overnight and 3,9 ml of 3N hydrochloric acid added. The solvent 
was removed and the residue dissolved In 10% NaHCOa. The mixture was extracted twice with ether. The 
aqueous layer was acidified with 6N hydrochloric acid, and extracted with dichloromethane. The dich- 
loromethane extract was dried (MgSO*) and the solvent and the solvent removed to give 2.97 g N- 
(benzyloxycarbonyl)-2-(2-methyl-propoxy)gIycine as a white solid, mp 66-68°C. To a solution of 0.432 g of 

20 the preceding compound in 10 ml tetrahydrofuran was added 0.249 g of N.N-carbonyldiimldazole. After 
stirring at room temperature for 2 hours, 0.30 g of (S)2-amino-3-cycIohexyl-(R7l^2-pyridinyl)propan-1-ol was 
added and the solution was stirred overnight. The solvent was removed and the residue in dichloromethane 
washed with 10% NaHCOa. The aqueous layer was extracted with dichloromethane. The organic layer and 
extract were combined and washed with brine, dried (Na2S04) and the solvent removed under vacuum. The 

25 residue was dried under vacuum to give 0.653 g of the product as a gum. 



Reference Example 64 

30 

(S)2-Amlno-3-cyclohexyl-(R)1 -(5-acetyl-2-furonyl)propan-1 -ol 



35 To a solution of 0.50 g of (4S-trans)4-(cyclohexyl-methyl)-5-(2-furanyl)-2-oxazolldinone in 8 ml of 
tetrahydrofuran, cooled to -78*'C, was added 1.8 ml of n-butylllthium in hexane (2.2M). After 15 minutes the 
solution was warmed to room temperature and N-methoxy-N-methyl acetamide in 1 ml of tetrahydrofuran 
was added. The mixture was stirred at room temperature for 3 hours and quenched with 4 ml of saturated 
ammonium chloride solution and 4 ml of water. The mixture was concentrated under vacuum to remove the 

40 tetrahydrofuran and then extracted with 20 ml of ethyl acetate. The extract was washed with 10 ml each of 
IN hydrochloric acid, saturated sodium bicarbonate and brine. The organic layer was dried (Na2S04) and 
the solvent removed to give 0.58 g of solid. Flash chromatography on silica gel with ethyl acetate-hexane 
(1:1) as solvent gave 0.29 g of (4S-trans)4-(cyc!ohexylmethyl)-5-(5-acetyl-2-furanyl)-2-oxazolidinone as a 
cream colored solid; [a]g^ -116°±1 (c. 0.773. CH3OH). 

45 The preceding compound was dissolved in a mixture of 4 ml of ethanol and 4 ml of IN sodium 
hydroxide and the solution heated at 80°C for 6 hours. The solution was diluted with 4 ml"bf water, 
concentrated to remove the ethanol. and extracted twice with 8 ml of dichloromethane. The extract was 
dried (Na2S04.) and the solvent removed to give 0.11 g of solid. Flash chromatography on silica gel with 
10% methanol in dichloromethane gave 85 mg of product as a yellow solid [a]g^ +64**±2 (c. 0.463. 

50 CH3OH). 

The following Reference Examples may be prepared by the procedure of Reference Example 64. 
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Reference Example 65 



30 



(S)2-Amino-3-cyclohexyKR)1-(5'methoxycarbonyi-2-thiazolyl)"1-(tert-bu^ 



36 To a solution of 0.23 g of N-tert-butoxycarbonyl-(S)2-amino-3-cyclohexyl-(R)1'-(2-thiazolyl)-1-(tert-butyl- 
dimethylsily!oxy)propane in 2 "ml of tetrahydrofuran under argon at -78°C. was added 0.45 ml of n- 
butylilthlum in hexane (2.2M), After 0,5 hour at -78^C. the mixture was allowed to warm to 0°C and stand for 
0.5 hour. Carbon dioxide gas was bubbled through the stirred suspension for 1 hour at 0°C and the mixture 
diluted with 2 ml of water and 2 ml of saturated ammonium chloride. The mixture was concentrated under 

40 vacuum and the residue extracted with 15 ml of diethyl ether. The ether extract was washed twice with 5 ml 
of 1 N sodium hydroxide and with 5 ml of brine. A white precipitate formed in the ether layer and was 
filtered off and washed with ether. This white precipitate was com bined with the sodium hydroxide washes 
and the mixture acidified with 6N hydrochloric acid. The acidified mixture was extracted with 15 ml of ethyl 
acetate and the extract washed~wtth brine and dried (NaaSO*). The solvent was removed to give a solid 

45 which crystallized from isooctane to give 0.20 g of N-tert-butoxycarbonyl-{S)2-amino-3-cyclohexyl-(R)l-[2- 
(5-carboxy)thia2olyi]-1-(tert-butyldimethylsilyloxy)propane. 

The preceding compound (0.13 g) in 0.5 ml of tetrahydrofuran was added to a solution of 49 mg of N,N- 
carbonyldilmidazole in 0.5 ml of tetrahydrofuran under argon. The mixture was stirred at room temperature 
for 1 hour and 0.5 ml of dry methanol added. The solution was stirred at room temperature for 17 hours and 

so the solvent removed. The residue in 10 ml of ethyl acetate was washed with two 5 ml portions of 0.5 N 
hydrochloric acid, 5 ml of IN sodium hydroxide, brine and dried (Na2S04).The ethyl acetate solution was 
filtered through a thin pad of "hydrous magnesium silicate and the pad washed with ethyl acetate. The filtrate 
was evaporated under vacuum to give 0.12 g of N-tert-butoxycarbonyl-(S)2-amlno-3-cyclohexyl-(R)1-(5- 
methoxycarbonyl-2-thiazolyl)-1-(teirt-butyldimethylsllyl-oxy)propane as a gum. 

55 The preceding compound (0.12 g) was dissolved in 1 ml of dichloromethane and 0.18 ml of trifluoro 
acetic acid added. The solution was stirred at room temperature for 22 hours and then poured into 3 ml of 
ice-cold IN sodium hydroxide. The mixture was extracted with 10 ml of dichloromethane and the extract 
dried (Nag SO*). The solvent was removed to give 0.095 g of the product as a colorless gum. d00880000 
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[N- C (R) 2- ( 1-Maphthal#nylmathyl ) -3- (carboxy ) 
propionyl]-L-histidyl]- (8) 2-aiiiino-3-cyclohexyl- 
(R) 1- (2- [N- [2- (trimathylsilyl) athoxy] methyl] 
iBidago^yl) propan-l-Q]^ 



A solution of 0.11 g of (R)2-(1-naphthalenylmethyl)-3-(tert-butoxycarbonyl)propionic acid and 0.058 g of 
N.N-carbonyldiimidazole In 2 ml of dichloromethane was stirred at roonn temperature for one hour under 
irgon. To this solution was added a solution of 0.15 g of 

H- (L*histidyl) (S) 2-aMino-3-cyclohaxyl- (R) 1- 
(2- [N- [2- (trimathylsilyl) athozylMthyl] iaidasolyDpro* 
pan«l-ol 

In 0.5 ml of dichloromethane. The mixture was stirred for 19 hours and an additional solution of (R)2-(1- 
naphthalenylmethyl)-3-(tertbutoxycarbonyl)propionic acid (47 mg) and N.N-carbonyldiimidazole (24 mg) in 
0.5 mi of dichloromethane added. The solution was stirred for 2 days. 2 ml of tetrahydrofuran added and 
the mixture stirred for 1 day. The solvent was removed under vacuum and the residue washed with water. 
The water insoluble solid was dissolved in ethyl acetate and the solution washed with brine, dried (NaaSO*) 
and the solvent removed to give 0.34 g of a gum. Trituration with ether-hexane gave 0.32 g of solid. This 
solid was chromatographed In silica gel with dichloromethane-methanol-ammonium hydroxide 
(10:0.5:0.0.05) to give 0.18 g of 

8- CB^ C (R) 2- (1-naphthalaaylmathyl) -3- 
butozyearbonyl)proplonyl]-L*>&i«tidyl]- (8) 2-a«ino-3- 
cyclohaxyl- (R) 1- (2- iVr [2- (tri»athylailyl) athoxylMthyl] - 
laidasolyl ) propan-l-ol 

as a white solid: [a]g^ +43°±2 (c. 0.612. CHCb). 

A mixture of 0.10 g of the preceding compound, 0.2 ml of tetra-n-butylammonium fluoride in 
tetrahydrofuran (1.0M) and 0.5 ml of hexamethyl-phdsphoramide was stirred at room temperature for 3 
hours. The mixture was diluted with water (5 ml) and 1 ml of saturated ammonium chloride. The precipitate 
was filtered off and washed twice with 2 ml of water to give 0.10 g of white solid. Purification by 
chromatography on silica gel with dichloromethane-methanol ammonium hydroxide (10:0.5:0.05) gave 0.060 
g of the product as a white solid. 

Reference Example 67 



(4S-trans)-4-(Cyclohexylmethyl)-5-(2-pyridinyl)-2-oxazolidinone 

As described in Reference Example 16, 20.27 g of 1,1-dlmethylethyl (S)[1-(cyclohexylmethyl)-2-oxo-2- 
(2-pyridinyl)ethyl]carbonate in 300 ml of tetrahydrofuran at -78*'C was reduced with 155 ml of potassium tri- 
sec-butyl-borohydride (0.1 55M) cooled to -78°C. After 5 hours at -78°C. the mixture was quenched with 50 
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ml of water and after warming to O^^C additional water (200 ml) was added. The mixture was extracted with 
two 250 ml portions of ethyl acetate and the extract dried (Na2S04) and the solvent removed. The residue 
(41 g) was dissolved in 30 ml of tetrahydrofuran and 150 ml of 6N hydrochloric acid added. The mixture 
was stirred at room temperature for 5 hours, diluted with 40 ml of water and extracted with 50 ml of ether. 

5 The aqueous layer chilled and 110 ml of ION sodium hydroxide added slowly. The mixture was extracted 
with three 200 ml portions of dichloromethane and the extract washed with brine (200 ml) and dried over 
anhydrous potassium carbonate* The solvent waws removed to give 15.0 g of solid. This solid was 
chromatographed on silica gel with a Waters-HPLC Prep-500 apparatus with dichloromethane-methanol- 
triethylamine (97:2:1) as solvent to give 9.0 g of (S)2-amino-3-cyclohexyh(R)1-(2-pyridinyl)propanol as 

10 crystals, mp 53-55*^0 and 3.0 g of (S)2-amino-3-cycIohexyl-(S)-1-(2-pyridinyl)propanol as an oil. 

A 2.8 g sample (S)2-amino-3-cyclohexyl-(S)1-(2-pyrldinyl)propan-1-ol was dissolved in 24 ml of 
dioxane-water (1:1) and 3.14 g of ij-butylpyrocarbonate In 13 ml of dioxane added, dropwise. with stirring. 
The solution was stirred 17 hours, diluted with 20 ml of water and extracted with two 75 ml portions of ethyl 
acetate. The extract was washed with brine, dried (Na2S04.) and the solvent removed. The residual oil was 

75 chromatographed on silica gel with ethyl acetatehexane (4:6) as solvent to give 3.0 g of N-(tert-butoxycar- 
bonyl)-(S)2-amino-3-cyclohexyl-(S)1-(2-pyridinyl)propan-1-oi as white crystals; [a]§^ -14°±1 (c. 0.984, CHCI3) 
mp 84-85°C. To the preceding compound (0.334 g) in 10 ml of dichloromethane was added 0.20 ml of 
triethylamine and the mixture cooled to 5**C. To the solution was added 0.10 ml of methanesulfonyl chloride 
and the mixture stirred for 1,5 hours at 5°C. The solvent was removed and the residue dissolved in 

20 methanol and allowed to stand at room temperature for 24 hours. The mixture was diluted with 20 ml of 
water and extracted with 50 ml of ethyl acetate. The extract was washed with water, brine, dried (Na2S04) 
and the solvent removed to give a pale yellow oil. Chromatography on silica gel with ethyl acetate heptane 
(2:3) gave 0.195 g of (4-S-trans)-4-(cyclohexylmethyl)-5-(2-pyrldinyl)-2-oxazoIidinone as thick pale yellow oil 
[a]|^ -46°± (c. 1.08. CH3OH). 

25 The preceding compound was also prepared by reacting 0.300 g of (S)2-amino-3-cyclohexyl-(R)1-(2- 
pyridinyl)propan-1-ol with 0.49 g of N, N-carbonyldlimidazole in refluxing tetrahydrofuran (25 ml) for 16 
hours. 



30 Reference Example 68 



4S-trans)'4-(cyciohexylmethyl)-5'(2-thla2olyl)-2-oxazolidinone 

35 

A solution of 0,24 g of (S)2-amlno-3-cycIohexy!-(R)1-(2-thiazolyl)propan-1-ol and 0.11 g of N,N- 
carbonyldiimidazole In 5 ml of tetrahydrofuran was stirred at room temperature for 16 hours and then 
refluxed for 5 hours. The solvent was removed and the residue dissolved in 15 ml of ethyl acetate. The 
40 solution was washed twice with 5 ml of [IN hydrochloric acid, with 5 ml of sodium bicarbonate, with 5 ml of 
brine and dried (NaaSO^.)]. The solvent wai removed and the residue washed with hexane to give 0.26 g of 
a colorless glass; [a]g® -88*»±1 (c. 1.072. CH3OH) 



46 Reference Example 69 



(4S-trans)-4-(Cyclohexylmethyl)-5"[10"[[2"(trimethyl-silyl)ethoxy3methylh1H imidazQl"2-yl]-2-oxazolidinone 

50 

To a solution of 0.35 g of (S)2-amino-3-cyclohexyl-methy!-(R)1-(2-[N-[2-(trimethylsi(yl)ethoxy]methyl]- 
imidaqzolyl)propan-1 -ol In 2 ml of diethylcarbonate was added 0.41 g of potassium carbonate and 0.16 g of 
sodium methoxide. The suspension was heated at 80°C for 21 hours and at 100°C for 6 days. The mixture 
55 was quenched with 5 ml of water and extracted with 15 ml of ethyl acetate. The extract was washed with 
brine dried (Na2S04) and the solvent removed. The residue was chromatographed on silica gel (20 g). The 
column was eluted with hexane (200 ml) and then with ethyl acetate-hexane (1:1) to give 0:33 g of a 
colorless gum: [a]g« -138°±1 (c. 1.042. CH3OH). 
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8* CM- C (A) 2- <Pb«nylm«tli7l) -3- (aorpholinocarbonyl) - 
propioB7l]-Ii-l«ue7l] - (8) z-aaino-S-oyoloh^acyl- (R) 1^ 
f2^tlila«olvl>prop>n^l-ol 



To a mixture of 0.235 g of (R)-gamma-oxo-alpha-(phenylmethylH-morpholinebutyric acid in 5 ml of 
dichloromethane. 0.12 ml of triethylamine and 0.36 g of benzotria20l-1-yloxytris(dimetliylamlno)- 
phosphonium hexafluoro-phosphate (BOP) was added 0.274 g of 

H-(L- 

Ittucyl) - (8) 2-uiiBO«-3*o7CloliMC7l-* (R) 1- (2-thia«ol7l > - 

The mixture was stirred for 2 days and tlie solvent removed. The residue in 10 ml of ethyl acetate was 
washed with IN hydrochloric acid, sodium bicarbonate, brine and dried (MgSO*). The solvent was removed 
and filtered through a thin pad of hydrous magnesium silicate. The pad was washed with ethyl acetate and 
the combined filtrates concentrated under vacuum to give 0.41 g of a glass. This glass was purified on thick 
layer silica gel plates to give 0.13 g of a foamy glass; [a]g^ -3y±1 (c. 1.11, methanol). 

[H- [ (R) 2- (PhM7lm«tta7l) (morphollnocarboByl) • 
propion7l]^L*I«ucyl]- (8) 2-amino-4-Bi«thyl- (R) l- 
(2-thiagolvl)p#ntan-l-ol 



To a mixture of 0.21 g of (R)-gamma-oxo-alpha-(phenylmethyl)-4-morpholinebutyric acid, 0.18 ml of 
triethylamine and 0.53 g of ben20tria20l-1-yloxytris-(dlmethylamino)phosphonium hexafluorophosphate 
(BOP) in 2 ml of dichloromethane was added 0.21 g of 

yl] - (8) 2<-uiliio-4^Mthyl- (R> 1- (2-thimsoIyl) pratan-l«ol • 

The mixture was stirred overnight, refluxed 2 hours and the solvent removed. The residue In 20 ml of ethyl 
acetate was washed twice with 5 ml each of IN hydrochloric acid, 1M sodium bicarbonate and brine. The 
organic layer was dried (MgSO*) and passed through a thin pad of hydrous magnesium silicate. The pad 
was washed with ethyl acetate and the combined filtrates concentrated under vacuum to give 0.4 g of a 
gum. This gum was purified on thick layer silica gel plates with 5% acetic acid in ethyl acetate as solvent to 
give 0.13 g of a glass; [o]g^ -29®±1 (c. 0.854. methanol). 
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g^WBPf 3 

H- [H[ (R) 2- (Phmyla^tbyl) -3- (Jfeft^jfe-butoxycarboiiyl) - 
propiony 1 ] -L- l«ucy 1 ] - ( 8 ) 2 -amino* 4 -••thy 1- ( R) l- ( 2 - 
thiazolyl) p«ntan-l-ol and [H- [ (S) 2-Plianylfflatliyl) -3- 
(tftEjfe-butoxycarbonyl)propionyl]-I|-l•ucyl] - (S) 2-aaino- 
4-aathvl- 1- (2-thiagolvllpantmn-X-ol 

To a mixture of 0.65 g of (R,S)2-(phenylmethyl)butanedioic acid, 4-(1 ,1-dimetiiylethyi)ester, 0.37 ml of 
triethylamine and 1.08 g of ben2otriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP) 
in 4 ml of dichloromethane was added 0.77 g of 

(L-*l«ucyl) (8) 2-aaino-4-matliyl-> (R) 1- (2- t&iazolyl) pen- 
tan- l-ol« 

The mixture was stirred overnight and the solvent removed under vacuum. The residue in 20 ml of ethyl 
acetate was washed twice with 5 ml each of 1N hydrochloric acid, 1M sodium bicarbonate and brine. The 
organic layer was dried (MgSO*) and filtered tTirough a thin pad of hydrous magnesium silicate. The pad 
was washed with ethyl acetate and the combined filtrates concentrated under vacuum to give 1.5 g of solid. 
The solid was chromatographed by HPLC on a Waters Prep 500 instrument (silica gel) with ethyl acetate- 
dlchloromethane (4:6) as solvent. The first hold back volumes gave 0.34 g of 

M- [M- 1 (*> (phanylmathyl) -3- 
(IftCfe-butoxyearbonyl) propionyl] -L-laucyl] • (8) 2-aalno-4- 
nathyl- < R) 1- ( 2- thiasolyl ) pantan- l-ol 

as a glass; [o]d® -2Q?±'{ (c, 1 .003, methanol) and the latter fractions gave 0,30 g of 

H- CM- C (8) 2 - (phanylmathyl) - 3- (titti-butojcy- 
carbonyl) proplonyl] -L-l«uoyl] - (8) 2-ajaino-4-Matliyl- (R) 1- 
( 2 - thi aso ly 1 ) pantan- l-o X 

as crystals, mp 162-163°C: [a]g^ -64°± (c. 1.030, methanol). 

N- [N- [ (R) 2- (Phanylmathyl) -3- ( tjart-butylamino- 
carbonyl ) propionyl ] -L-histidyl ] - ( 8 ) 2-amino- 4 -aathy 1- 
CR)l-<2-thlazolvl)pantan-l-ol 



To 0.276 g of (R)alpha-[2-[(1.1-dimethylethyl)amlno]2-oxoethyl]ben2enepropionic acid In one ml of 
dichloromethane was added 0.014 ml of triethylamine and 0.465 g of benzotriazol-l-yloxytris- 
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(dimethylamino)phosphonium hexafluorophosphate (BOP). After 1.5 minutes. 0.337 g of 

Kr (L-l&istldyl) - (8) 2-aaino-4-a«tliyl- 
(R) 1- (2-thia80lyl)p«&t«B«»l-pl 

was added and one ml of dichloromethane. The mixture was stirred 16 hours and the solvent removed. The 
residue in 5 ml of ethyl acetate was washed with 2 ml of water, three times with 2 ml of 1M sodium 
bicarbonate with 2 ml of brine. Cooling (-10°C) gave crystals which were filtered off. The filtrate was 
concentrated under vacuum to give 0.65 g of an oil. This oil was purified by thick layer chromatography on 
five 20 X 20 X 0.2cm silica gel plates developed with 20% methanol in dichloromethane containing 0.2% 
triethylamine. The band at RF 0.6 was separated, washed with methanol and the solvent removed. The 
residue in dichloromethane was filtered and the filtrate concentrated to give 0.3 g of a glass, mp 120-130°C; 
[o]g^-8°±1 (c. 1.042, methanol). 

EXMPla 5 

M- [M- C («) 2- (Fhmyla^tliyl) -3- (iisi-butylmlnc- 
carbonyl ) proplonyl] -L-lwcyl] - (8) 2->Milno»4^M#thyl- 
iRi 1- r2-i:hia«olvl>p#iitmii-l-oX 

A mixture of 0.165 g of N,N-carbonyldiimidazole and 0.294 g of (R)alpha-[2-[(1,1-dimethylethyl)amino]- 
2-oxoethyl]benzenepropionic~acid in 2 ml of dry tetrahydrofuran was stirred at room temperature for 2 
hours. To the solution was added 0.32 g of 

M-Ci- 

laucyl]- (8) 2-uiino-4-aatliyl- (R) X- (2-tlii«iolyl)p«ntmxi- 

l-ol 

in 2 ml of tetrahydrofuran and the mixture was stirred overnight. A solution of 0.15 g of (R)alpha-[2-[(1.1- 
dimethylethyl)amino]-2-oxoethyl]ben2enepropionic acid and 0.08 g of N.N-carbonyldiimidazole in one ml of 
tetrahydrofuran was prepared and this solution added to the reaction mixture. The mixture was stirred 2 
hours and refluxed for one hour and the solvent removed. The residue In 20 ml of ethyl acetate was washed 
with three times each with 2 ml of IN hydrochloric, 1M sodium bicarbonate and brine. The organic layer 
was dried (MgSO*) and filtered through a thin pad ofTiydrous magnesium silicate. The pad was washed 
with ethyl acetate and the filtrates combined. The solvent was removed to give 0.48 g of solid. Trituration of 
this solid with ether gave crystals, mp 152-153°C. Recrystallizatlon from ether and isopropyl acetate- 
diisopropylether gave 0.134 g of white crystals, mp 153-154°C; [o]g^ -35**±1 (c, 0.649, methanol). 

1!* Cli* [ (R) 2 - ( 3 , 4 , 5-TrlattthoxyphMylB«thyl ) - 3- 
(morpbollnoearbcnyi ) propionyl] -L^'bistidyl ] (8) 2« 



To 0.88 g of (S,R)-gamma-oxo-alpha-{3.4,5-trimethoxyphenyImethyl)-4-morpholinebutyric acid in 2 ml of 
dichloromethane was added 0.33 ml of triethylamine and 1.46 g of benzotria2oI-1-yloxytris(dimethylamino)- 
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phosphonium hexafluorophosphate. After stirring for 2 minutes, 0.68 g of 

H- (L-bistidyl) - (8) 2-«aino-4-m«thyl- 
(R) 1- (2-tlii«sol7l)pMtaii-l-ol 

in 2 ml of dichloromethane plus a few drops of N,N-dimethyIformamide was added. The mixture was stirred 
at room temperature overnight and concentratedunder vacuum to a thick oil. To this oil was added 20 ml of 
ethyl acetate. The mixture was filtered and the filtrate washed three times with 5 ml each of 1M sodium 
carbonate and 2N sodium carbonate, and brine. The organic layer was dried (MgS04) and concentrated 
under vacuum to"give 1.2 g of gum. This gum was chromatographed on silica gel with 5% methanol plus 
1% triethylamine in dichloromethane as solvent on Water Prep 500 HPLC instrument. Cuts containing the 
first component eluted were combined and the solvent removed and the residue dried in an oven. The solid 
In ethyl acetate was washed with brine. The organic layer was separated and the solvent removed under 
vacuum. The residual glass was dried at 5&^C in a vacuum oven to give the product as a glass; [a]§^ -41°±l 
(c. 1.028. methanol). 

B^ampta 7 

H- CH- C (R) 2- (Plieiiylmathyl) -3- (morpnplinocarbonyl) - 
propionyl]-Ii-histidyl]-(S)2-ajiino-3-cycloh0xyl (R) l- 
f 2^thlagolvl> DropaB-l--ol 



To 0.16 g of (R)-gamma-oxo-alpha-(phenylmethylH-morpholinebutyrlc acid in one ml of dich- 
loromethane was added 0.08 ml of triethylamine and 0.25 g of ben20tria2ol-1-yloxytris(dimethylamino)- 
phosphonium hexafluorophosphate. After one minute 0.20 g of 

hi«tidyl)-(S)2-«iao-3-cycloh#xyl-(R) 1- (2-thla«olyl)- 
propan-*l-ol 

in 2 ml of tetrahydrofuran was added. The mixture was stirred overnight and the solvent removed under 
vacuum. The residue in 10 ml of ethyl acetate was washed once with 2 ml of water, three times with 2 ml of 
1M sodium bicarbonate and dried (MgSO*). The solution was filtered through a thin pad of hydrous 
rnagnesium silicate and the pad washed with ethyl acetate- The filtrates were combined and the solvent 
removed to give 0.24 g of product as a glass; [a]g® -11°±1 (c, 1.046, methanol). 

M- [H- C (R) 2- (l-HaphtttalanylM athyl) *3^ (»orphollno- 
carbQRyl ) propionyl] -L-hlatldyl] -(B) 2-aaiiiio-3-cyclo- 



To a solution of 0.15 g of (R)2-(1-naphthalenylmethyl)-3-(morpholinocarbonyl)propionic acid and 0.070 
ml of triethylamine in 2 ml of dichloromethane was added 0.076 ml of diethylphosphoryl cyanide and the 
solution stirred under nitrogen for 4 hours. The solvent was removed under vacuum to give a gum. The 
gum in 5 ml of ethyl acetate was washed three times with one ml portions of 2M sodium carbonate and the 
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organic layer dried (Na2S04). The solvent was removed under reduced pressure to give 0.27 g of solid. 
This solid was chromatographed on five 20 k 20 x 0.2cm thick silica gel plates with dichloromethane- 
methanol-ammonium hydroxide (9:1.2:0.2) as solvent. The main band was separated and then eluted with 
methanol to give 0.18 g of the product of the Example as a glass: Mo^ +5*'±1 (c, 1.025. methanol); FAB 
mass spectrum - 703 (M + Na). 681 (M + H). 

N- EH- [ ( R) 2- ( i-Naphth«l«iiyl««thyl ) -3- ( tfl£t-butoxy- 
carbonyl) proplonyl] -L-histidyl] - (8> 2-amiBO-3-cyclo- 
hayyi-i^ I2^<:hlm«olvl)propmn-l*ol 

To a solution of 0.314 g of (R)2-(1-naphthalenylmethyl)-3-(tert-butoxycarbonyI)propionic acid in 0,5 mi of 
dichloromethane and 0.14 ml of triethyiamine was added 0.44 g of benzotriazol-1-yloxytris(dimethylamino)- 
phosphonium hexafluorophosphate. After one minute, 0.61 g of 

Ur Cl!-i«(b«n«yloxym«thyl) -L-histiiyl] - 
(8) 2-uiino-3-cycloli«xyl) * (R) 1* (2-thia80lyl) -i- (tfyt-^ 
butyldla^thylsilylojcy ) propana 

in one ml of dichloromethane was added and the mixture stirred for 2 days. The solvent was removed 
under vacuum and the residue in 10 ml of ethyl acetate was washed three times each with IN hydrochloric 
acid, 1M sodium hydroxide and with brine (one ml). The organic layer was dried (MgSO~) and filtered 
through a thin pad of hydrous magnesium silicate. The pad was washed with ethyl acetate and the filtrates 
combined. The solvent was removed under reduced pressure to give 0.7 g of solid. To this solid in 
tetrahydrofuran is added tetra-n-butylammonium fluoride (1M in tetrahydrofuran) and the mixture stirred for 
1.5 hours. The mixture is diluted with 10% sodium bicarbonate and ethyl acetate added. The organic layer 
is separated and washed with water and saturated sodium chloride (brine). The organic layer is dried and 
the solvent removed. The residue in methanol is shaken in a Parr hydrogenator with 10% palladium on 
carbon under a hydrogen atmosphere to give the product of the Example as a glass. 

Bj{ai0pj,# IQ 

fi- [S- [ (R) 2- (Phanylaathyl) -3- (:fei£t-butoxycarbcnyl) - 
proplonyl] -L-l^ucyl] - (a) 2-anino -3-cycloha»yl^ 
(R) 1- (2-thlagolvllpropan-i-Ql 



To a solution of 0.080 g of (R)2-(phenylmethyl)butanedioic acid. 4-(1.1-dimethylethyl)ester in 2 ml of 
dichloromethane was added 0.054 g of N.N-carbonyldiimidazole. After stirring at room temperature for 0.5 
hours, a solution of 0.15 g of 

B- (A-laueyl) - (8) 2-afliiBO- 
a-oyolohojcyl^ (R) 1- (2-tlilasolyl} -l-T^ftf^-butyldlmathyl- 
silyloaey) propaao 
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In 0.5 ml of dichloromethane was added. The mixture was stirred at room temperature for 24 hours and 
refluxed one day. The mixture was diluted with 15 ml of ethyl acetate and washed with two 5 ml portions 
each of 0,5N hydrochloric acid, saturated sodium bicarbonate and with 5 ml of brine. The organic layer was 
dried (Na2S04)and the solvent removed to give 0.25 g of a foam. Chromatography on silica gel with ethyl 
5 acetate-hexane (1 :4) gave 0.20 g of solid which was crystallized from hexane to give white crystals; [a]g® 
-28*'±2 (c, 0.594. CHCb). 

A 0.14 g sample of the preceding compound in one ml of tetrahydrofuran and 0.22 ml of tetrabutylam- 
monlum fluoride (1.0M in tetrahydrofuran) was stirred at room temperature for one hour. The mixture was 
diluted with water (5 ml) and ethyl acetate (10 ml) and the organic layer separated and washed with 3 ml of 
70 0.5N hydrochloric acid, 3 ml of saturated sodium carbonate and brine. The organic layer was dried 
(Na7S04) and the solvent removed to give 0.13 g of gum. This gum was chromatographed on silica gel with 
ethyl acetate-hexane (1:2), then ethyl acetate-hexane (1:1) as solvent to give 0.090 g of solid. Washing with 
hexane gave 0.030 g of white solid; [a]g^ -10°±2 (c. 0.386. CHCI3). 

Ur CH- C CR) 2- (Ph«nyl»«thyl) -3- (aorphollnocarbonyl) - 
propionyl) -Ii-leucyl J • (8) 2-amiBO-4- (n#thylthio) - (R) 1- 



20 



30 



50 



To a solution of 0.28 g of (R)-gamma-oxo-alpha-(phenylmethyl)-4-morpholinebutyric acid in one ml of 
dichloromethane was added 0.014 ml of triethylamlne and 0.465 g of benzotriazol-1-yloxotris- 
(dimethylamlno)phosphonium hexafluorophosphate. After one minute 0.29 g of 



(L*l«ucyl ) - (8) 2-«iino-4- (methyl thio) * (R) 1- 
(2-tlila801yl)butaii-l-ol 



in one ml of dichloromethane was added and the mixture stirred for three days. The solvent was removed 
^® and the residue dissolved in 10 ml of ethyl acetate. The solution was washed with three times each with 2 
ml portions of 1N hydrochloric acid, 1M sodium bicarbonate, brine and dried (MgSO*). The solvent was 
removed to give ^.33 g of solid. This solid was chromatographed on three 20 x 20 x 0.2cm thick layer silica 
gel plates with dichloromethane-methanol-water (10:5:1) as solvent. After development, the band containing 
product was washed with methanol and the solvent removed to give 0.23 g of an oil. This oil in 2 ml of 
dichloromethane was filtered and the filtrate concentrated and the solid dried to give 0.19 g of a glass; [o]o® 
-26^4:1 (c. 0.958, methanol). 

^5 N- [H- C (R) 2- ( l-Maphthal«nylB«thyl ) -3- ( tart*butozy- 

carbonyl ) propionyl ] -I|-l0ucyl] - (S) 2-aaino-4-methyl- 



(R) 1" ( 2-thiazolvl ) pantan^l^ol 



To a solution of 1.00 g (3.18 mmol) of (R)2-(1-naphthalenylmethyl)-3-(tert-butoxycarbonyl)propionic acid 
55 in 43 ml of dichloromethane was added 1.35 g (3.98 mmol) of 



77 



10 



EP 0 427 939 A2 

M- (Ij-l#ucyl) - (8) 2-«miiio-4-tt#thyl- (R) i- {2-thia- 
solyl ) pratan- L«ol 

hydrochloride and 1.16 m! (8.30 mmol) of triethylamine. The mixture was cooled to 0°C and 0.665 ml (4.39 
mmol) of diethyl cyanophosphonate was added. The mixture was allowed to warm to room temperature and 
stir for 16 hours. The mixture was concentrated under vacuum and the residue chromatographed on sHica 
gel with ethyl acetate-hexane (1:1) as solvent to give 1.61 g of a white solid; [a]§® -4^ (c, 1.03, CHCI3). 
According to the procedure of Example 12. the following Examples were prepared. 
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BitMlBl« 21 

H- CM- ( (R) 2- < 1-Naphthal«iiylmethyl) -3- (earboxy) - 
propionyl] -L-leucylj- (S> 2-amino-4-methyl- (R) I- (2- 
thlagolvl ) pantan- l-ol 



To a solution of 1.50 g of h-cm- (R) 2- (i-naph- 
thalanylmathyl) -3- I tart 'btttoKVcarbony 1 ) propiony 1 ] -L" 
lauoyl] - (8) 2-aaino-4-matliyl- (R) 1- (2-thiaaolyl) pantan- 
l-ol 

in 7.2 ml of dichloromethane, cooled to 0°C, was added dropwise 7.2 ml of trifluoroacetic acid. The solution 
was allowed to warm to room temperature and was stirred for one hour. The solvent was removed under 
vacuum and 30 ml of saturated sodium bicarbonate solution added to the residue. The mixture was 
extracted with dichloromethane. The aqueous layer was acidified with 5% hydrochloric acid and extracted 
with dichloromethane. The extract was washed with brine, dried (MgSO+) and the solvent removed. The 
residue was chromatographed over silica gel with chloroform-methanol-acetic acid (95:5:0.10) as eluent to 
give 1.30 g of a white solid. 

gKimplt 2i 

HCfi- 1 <») 2- < l-Maphthalaa ylMathyl ) -3- (phanathyl« 
carbonyl ) proplony l3-L«laaoYl" (S) 2»a«lno-4-matliyl- 
(R) l" *g-t»>iMolvl^ P<ntan-l"Ol 

To a solution of 0.050 g of 

napbtbalanylactHyl) -3- (oarboxy) propionyl] -1,-laucyl ] - 
(S)2-««lao-4-«atbyl-(R) l- (2-tbiaaolyl)paatan-l-ol 

in one ml of dichloromethane was added 14.2 uL (0.0113 mmol) of phenethylamine and 18.9 uL (0.136 
mmol) of triethylamine and then 18.7 uL (0.124 mmol) of diethyl cyanophosphonate was added. The 
mixture was allowed to warm to room temperature and stir for 18 hours. The mixture was concentrated 
under vacuum and the residue purified by preparative thin layer chromatography with ethyl acetate as 
solvent to give 0.045 g of white solid; [a]g^ -19° (c. 0.95. CHCI3). 

The above procedure was used to prepare the following Examples. 
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TAB^E III 



Example 



Physical 
State 



Rotation 



23 



24 



25 



26 



27 



28 



29 



30 



31 



32 



33 



34 




CH3O— ^ V— CHgCHgNH- 



CH3O 



K;s^K-<CH2>,MH- 



CH,f/ ^N- 



(CHjOJgCHCHgNH- 
PhCH. 



^ 0(CHB>eHH- 
0 

-(CH.).NH- 



glass 
glass 
glass 
glass 
glass 
solid 
solid 
solid 
solid 
solid 
solid 
solid 



[alpha] 26 -18® 
(c, 0.65, CHClj) 

[alpha -18° 

(£, 1.00, CHCI3) 



[alpha] 2« 
(S, 0.33, 

C alpha ]^« 
(£, 0.96, 

[alpha]" 
(£, l.oS, 

[alpha] 2« 

(s, i.oJr, 

[alpha] 2« 
(S, i.oV, 

[alpha] ^6 
(S# 1.09, 



-22 
CHCI3) 



-13 ♦ 
CHCI3) 



-25" 
CHCI3) 



[alpha] g« 
(£, 1.08, 



[alpha] 26 
(£/ 1.10, 

[alpha] 26 
(S, 1.09, 



-26" 
CHClj) 

-23° 
CHCI3) 

-17° 
CHCI3) 

-11° 
CHCI3) 

-26° 
CHCI3) 

-19° 
CHCI3) 



CH, 
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TABLE III fcont4Tiue4) 


Example 


Physical 
R« State 


Rotation 



10 



15 



SO 



25 



35 



36 



37 



38 



39 



Ok 

" <CHa)aNM-' 
N<CH.>.NH> 



solid 



solid 



solid 



solid 



solid 



[alpha] -11° 
(S, -l.qH, CHCI3) 

[alpha] 26 -21° 
(S, 0.936, CHCI3) 

[alpha] ^« -14° 
(C, 1.10, CHC1-) 



[alpha] 26 -15° 
(£, 0.938, CHCl ) 



[alpha)26 -19° 

(£, 0.981, CHCI3) 



30 



dOI 080000 
35 



40 



Example 40 

H-CM-C (R) 2 -( 1-Naphthalenylmethyl ) -3 - (morphol ino- 
carbonyl) propionyl] -L-leucyl] - (S) 2~ aiBino~3-cyclohexyl- 
fR) l-f2-PVrldinvl)pronan.l-o1 



45 



so 



To a solution of 0.056 g of (R)-beta(l-naphthalenylmethyl-gamma-oxo-4-morpholinebutanoic acid In 2.0 
ml of dichloromethane was added 0.074 g of 

M-(L-leucyl) -(S) 2-ainino-3-cyclohexyl-(R) l-(2-pyridinyl- 
) propan-l-ol 



and 0.036 ml of triethylamine. To the mixture was added 0.36 ml of diethyl cyanophosphonate and the 
mixture was stirred at room temperature for 16 hours. The mixture was concentrated under vacuum and the 
residue chromatographed on preparative silica gel plates with chloroform-methanol (95:5) as solvent to give 
0.102 g of white solid; [a]g^ -27» (c. 0.93, CHCI3). 

According to the procedure of Example 12, the following Examples were prepared. 
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Exampla 51 

S# [N- [ (R) 2- (1-Naphthalenylmethyl) -3- (carboxy) - 
propionyl]-||-leucyl]*(8)2--a]iiino-3«eyclohexyl* (R) l*- 
(2-PvridinvH propan-l-ol 



As described for Example 40. (R)2-(1-naphthalenylmethyl)-3-(tert-butoxycarbonyl)propionic acid was 
coupled to 

N- (l|-leucyl) - (8) 2«aaino-3-cyclohexyl- 
(R) 1- (2-pyridinyl)propan-l-ol 

to give [after purification on silica gel plates with ethyl acetate-hexane (1 :1 ) as solvent] 

S- CM- ( (R) 2- (l-naphthal«nylaethyl) -3- 
( tart-butoxycarbonyl ) propionyl ] -|j-laucy 1 ] • ( 8 ) 2-aaijio-3- 
eyclohaxyl- (R) 1- <2-pyrldiiiyl)propan-l-ol 

as a white solid; [a]§® -14® (c, 1.059. CHCI3). This compound was stirred with dichloromethane-trifluoroacetic 
acid (1:1) at room temperature as described for Example 21 to give a solid. Chromatography on preparative 
silica gel plates gave the product as a white solid; [a]g^ -11° (c, 1.059. CHCI3). 

Blt^pjLf 5^ 

fi# [K*- [ (R) 2« (3 , 4 , S^Triaathoxybanayl) -3- (carbozy ) - 
propionyl ] •Ii^ 1 aucyl ] • (S) 2-aBiino«4<-matliyl- (R) 



To a solution of 0.25 g of 

H-CS-C(R)2-(3,4^5- 
triaathoxybansyl) -3- (£i££->butoxycarbonyl) propionyl] 
laucyl] - (S) 2*aaino-*4-sathyl- (R) 1- (2-tlilasolyl) pantan- 
l-ol 

In 1 .1 ml of dichloromethane cooled to 0°C was added 1 .1 ml of trif luoroacetic acid. The solution was stirred 
at room temperature for one hour and the solvent removed under vacuum. The residue was dissolved In 10 
ml of dichloromethane and poured into saturated sodium bicarbonate solution. The organic layer was 
removed and the aqueous layer acidified with 5% hydrochloric acid. The aqueous layer was extracted with 
dichloromethane. dried (Na2S04) and the solvent removed to give 0.167 g of solid; [o]g^ +5**±1 (c. 0.812. 
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CHCI3). 

H# [N- [ (R) 2- (Phenylmethyl) -3- ( tfirt-buty 1 amino- 
carbonyl) propionyl] ^-L^l^istidyl ] ) 8) 2-aaino-3-cyclo- 
hexvl- IR\ 1* (2-'thiagolyHDropan-l-ol 



To a mixture of 0.22 g of (R)-alpha-[2-[(1 J-dimethylethyl)amino]-2-oxoethyI]b©nzenepropionlc acid and 
0.12 ml of trietliylamine in one ml of dichloromethane was added 0.38 g of benzotriazol-1-yloxy-trls- 
(dlmethylamino)phosphonium hexafluorophosphate (BOP). After 2 minutes was added 0.35 g of 

H-CL-histldyX)- 
(S) 2-aai&o-3-cyclohazyl- (R) 1- (2«thiasolyl) -1- [ ( tart - 
butyldimathyl) silyloxy]propana 

and the mixture was stirred overnight at room temperature. The mixture was cooled to 0°C, 2 ml of letra-n- 
butylammonium fluoride in tetrahydrofuran (1M) added and the mixture refluxed 4 hours. An additional 2 ml 
of tetra-n-butylammonium fluoride in tetrahydrofuran (1 M) was added and the solution refluxed overnight. 
The solvent was removed under vacuum and the residue stirred with 5 acetonitrile and 0.50 ml of 40% 
hydrofluoric acid for 4 hours. The solvent was removed under vacuum and the residue diluted with 5 ml of 
water and made basic with 10 ml of 2M sodium carbonate. The mixture was extracted with two 20 ml 
portions of ethyl acetate. The extract was washed with 2M sodium carbonate solution, brine and dried 
(Na2S04). This gum was dissolved in 2,8 ml of acetonitrile and 1,2 ml of 40% hydrofluoric acid, stirred 1,5 
hours and diluted with 10 ml of water. The mixture was filtered and the filtrate made basic with concentrated 
ammonium hydroxide. The mixture was extracted with dichloromethane and the extract concentrated under 
vacuum. The residue was purified by thick layer chromatography on silica gel plates with dichloromethane- 
methanol-concentrated ammonium hydroxide (9:1.2:0.2) as solvent to give 0.34 g of solid: [a]g^ -18°±1 (c. 
0.898. CH3OH). 



N- [H- [ (R) 2- (1-Naphthalan ylmathyl) -3- (morpholino 
carbonyl ) propionyl]-L-b iatidyl3-(8)-2-aaino-3- 
^Y«iQhii^i- CR> 1- f 2-tliianyl)propan-l-o3- 



To 0.19 g of (R)2-(1-natphtha!enylmethyl)-3-morpholinocarbonyl)propionic acid in 1 ml of dich- 
loromethane was added 0.081 ml of triethylamine and 0.26 g of ben20tria2ol-1-gloxytris(dimethylamino)- 
phosphonium hexafluorophosphate. After 1 minute, 0.22 g of 

M-iL-Hiatidyl) - (8) 2-amino-3-oyclphaxyl- (R) 1- (2-tliiaayl) - 
propan«-l^ol 

in 1 ml of dichloromethane was added. The mixture was stirred overnight at room temperature and 
concentrated under vacuum. The residue In 5 ml of ethyl acetate was washed three times with 1 ml of 1M 
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sodium carbonate and with brine. The organic layer was dried (Na2S04) and the solvent removed. The 
residue (0.7 g) was chromatographed on four 20x20x0.2 cm silica gel plates with dichloromethane- 
methanol-ammonium hydroxide (9:1.2:0.2) as solvent The product band was extracted with methanol 
containing 5% ammonium hydroxide and the extract concentrated under vacuum to give 0.10 g of a glass; 
5 Mo^ -7°±1 (£.1 .057.CH3 OH). 

H. [g. [ I (8) 2- (4-MorpbolinocarboB7l) oxy] -3-»pli«ii7l- 
proplonyl] -l-l#ucyl] - (8) 2-oilno-3-cycloli#xyl- (R) 1- 
f a-yvridinvl^ propmn-l-ol 



To a solution of 6.81 g of (S)2-[(4-morpholinocarbonyl)oxo]-3-phenylpropionic acid In 175 ml of dry 
tetrahydrofuran was added 3.95 g of N.N-carbonyldilmidazole, The solution was stirred at room temperature 
for 2.5 hours and 5.55 g of 

methyl ester hydrochloride added. The mixture was stirred at room temperature overnight, warmed briefly 
and filtered. The filtrate was concentrated to dryness and the residue dissolved in 100 ml of dich- 
loromethane. The solution was washed with 50 ml of 10% hydrochloric acid, 50 ml of 10% sodium 
bicarbonate solution and dried (MgS04). The solvent was removed under vacuum to give 8.4 g of a pale 
yellow gum. The gum in dichloromethane was chromatographed on a pad of hydrous magnesium silicate in 
a sintered glass funnel. The pad was washed with 2 liters of dichloromethane and 3 liters of 
dichloromethane-ethyl acetate (9:1) with 1 liter fractions collected. Cuts 2-5 were combined, dried (MgSO^) 
and the solvent removed under vacuum to give 7.62 g of 

fi* [ C (S) 2- (4-BiorpholiiiooarbonyI ) oxy] -3- 
phMylpropionyl ] -Ii-l«ucin# 



methyl ester as a pale yellow viscous oil 

[a]g^ -30° ± 1 (c, 1 .025. CH3OH). To the preceding compound (7.50 g) in 55 ml of methanol was added 
^ 0.855 g of lithium hydroxide monohydrate in 10 ml of water. The solution was stirred at room temperature 
for 2.25 hours and 6 ml of 3N hydrochloric acid added. The solvent was removed and the residue 
partitioned beetween water and^ ethyl acetate. The organic layer was removed and the aqueous layer 
extracted twice with ethyl acetate. The organic layer and extracts were combined, dried (MgS04.) and the 
solvent removed and residue pumped under high vacuum to give 6.67 g of 

45 

1!* C [ (8) -2- (4*Borplioliiiocmrbonyl) - 
o3cy ] •3-pliMylpropionyl ] -li-l«uoia# 

so 

as a white foam; [a]g^ -21° ± 1 (c. 1.239, CH3OH). 

To a solution of 0.364 g of imidazole in 7 ml of dichloromethane under argon was added 0.226 g of 
phenyl dichlorophosphate and the mixture stirred at room temperature for 0.5 hour. The mixture was cooled 
to-15°Cand 0.419 of 
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H- C C (8) -2- (4-aorplioliaoearboayl) - 
ozy ] -3-ph«aylpropioB7l ] -l«-l«uciM «dd«d • 

The mixture was stirred at -15°C for 1 hour; 0.200 g of (S)2-amino-3-cyclohexyl-(R)1-(2-pyridinyl)propan-1-ol 
was added and the mixture stirred at -15°C to -IS'^C for 18 hours and at O^^C for 5 hours. To the cotd 
mixture was added 10% sodium bicarbonate solution and the organic layer separated. The aqueous layer 
was extracted with dichloromethane and the organic layer and extracts combined and dried (MgSO*). The 
solvent was removed under vacuum to give 0.57 g of pale yellow gum. The gum was chromatographed 
over silica (gradient elution) with solvent dichloromethane-ethyl acetate (2:3) to ethyl acetate. Concentration 
of fractions containing product gave 0.18 g of the product as a white foam: [ajg^ -25*' ± 1 (c. 1.016, CH3OH). 

Bganola 56 

M- [N- [ [ (8) 2- (4-MorphPli nocTboayl) OKY] 3 ^a-phanyl- 
propionyl] -L-lsucyl] - ( 8) 2->alBo-3-cycloh#»yl- (R) 1- 



To a solution of 0.500 g of 

M-CC(8)2-(4-aor- 
pbollnocarbonyl) oxy] -^S-phMylpropionyl] -L*l^uoin# 

in 10 ml of dichloromethane under argon was added 0.129 g of triethylamine and 0.566 g of benzotriazol-1- 
yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (BOP). After stirring 1 minute, 0.277 g of (S)2- 
amino-3-cyclohexyl-(R)1-(2-thienyl)propan-1-ol was added and the mixture was stirred overnight. The 
solvent was removed and the residue dissolved in ethyl acetate. The solution was washed with 10% 
hydrochloric acid, 2M sodium carbonate, water and dried (MgSO*). The solvent was removed under 
vacuum to give 0.70"g of a white foam. Chromatography on silica gel with dichloromethane-ethyl acetate 
(3:1) and then with dichloromethane-ethyl acetate (7:3) gave 0.490 g of product as a white foam: [a]g® -42*^ 
±1 (c. 1.056, CH3OH). 

Bitampla 57 

N- [M- C C (8) 2- ( 4-thiomorplioliiiocarbonyl ) oacy ] -3-plianyl- 
propionyl]-i-leucyl]- (S) 2-amino-3-cyclohexyl- (R) 1- 
(g-tni^nyl)piropan«a,-o3, 



To 7.22 g of 

Ii-*ph«iiy 1 1 ac^ i e 

acid methyl ester under argon was added 330 ml of 12,5% phosgene in toluene (10.5 ml) with rapid stirring. 
To the solution was added dropwise 0.766 ml of N,N-dimethylformamide and the mixture stirred overnight. 
The mixture was concentrated to dryness under"vicuum and toluene added (twice) and removed. The 
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residue was pumped under high vacuum, flushed with argon and dissolved in 150 ml of dry dich- 
loromethane. The solution was chilled to O^C and 12 g (11 ml) of 4-thiomorpholine added dropwise over 10 
minutes. The mixture was stlnred at 0°C for three hours and then stored at 4®C overnight. Dichloromethane 
(100 ml) and 0.5N hydrochloric acid (50 ml) were added, the organic layer separated, and the aqueous 

5 layer extracted with 50 ml of dichloromethane. The organic layer and extract were combined, washed with 
50 ml of 10% sodium bicarbonate and dried (MgSO*). The solvent was removed and the residue 
chromatographed by HPLC on silica gel with a Waters-Prep 500 instrument with chloroform-hexane (8:1) as 
solvent. Fractions containing product were combined and the solvent removed to give 3.68 g of (S)2-[(4- 
thiomorpholinocarbonyl)oxy]-3-phenylproplonlc acid methyl ester as a pale yellow oil: [a]o® -27° ± 1 

10 (c, 1.019. CH3OH). To the preceding compound (3.55 g) in 40 ml of methanol was added a solution of 0.531 
g" of lithium hydroxide monohydrate in 5 ml of water. The mixture was stirred 3 hours and quenched with 4 
ml of 3N hydrochloric acid. The solvent was removed under vacuum and the residue partitioned between 
water (20 ml) and dichloromethane (20 ml). The organic layer was separated and the aqueous layer and 
extracts were combined, dried (MgS04) and the solvent removed under vacuum to give 2.76 g of (S)2-(4- 

75 thiomorpholinocarbonyl)oxy]-3-phenylpropionlc acid a colorless gum: [a]^^ -36° ± 1 (c. 0.707, CH3OH). 

To the preceding compound (2.76 g) in 70 ml of dry tetrahydrofuran under argon was added 1 .48 g of N.N- 
carbonyldlmidazole. The solution was stirred for 2.5 hours and 2.08 g of 

20 

methyl ester hydrochloride added. The mixture was stirred overnight at room temperature, filtered and the 
filtrate concentrated under vacuum. The residue was dissolved in 50 ml of dichloromethane and the solution 
washed with 25 ml of 10% hydrochloric acid, 10% sodium bicarbonate and dried (MgS04). The solvent was 
25 removed to give 3.71 g of viscous oil. This oil was chromatographed on silica gel with dichloromethane as 
eiuent and then dichloromethane-ethyl acetate (9:1) as eluent. The fractions containing product were 
combined, and the solvent removed to give 3.17 g of 

Vrlt (8) 2- (4-thlomorpholiBocar* 
3o ■ 

bpiiyl) 0x7] -3<*pli«iiylpropioiiyl] *L''l^ucia« 



methyl ester as a viscous yellow oil: 
35 ^^^^ " ^ 1.085, CH3OH). To the preceding compound (3.07 g) in 22 ml of methanol was added a 
solution of 0.336 g of lithium hydroxide monohydrate in 5 ml of water. After stirring 2.5 hours at room 
temperature, an additional 0.112 g of lithium hydroxide monohydrate in 1,5 ml of water was added. The 
mixture was stirred for 0.5 hour, quenched with 3.7 ml of 3N-hydrochioric acid and the solvent removed. 
The residue was partitioned between water and ethyl acetate. The organic layer was separated and the 
aqueous layer extracted twice with ethyl acetate. The organic layer and extracts were combined, dried 
(MgSO*) and the solvent removed. The residue was pumped under high vacuum to give 3.01 g of 

U^ll (8) 2- (4-thiomorpliolinoearbcnyl) - 

ozy] -a-phanylproplonyl] --j;i-*l«ueiB« 

45 ^ 

as a white glass; [a]g^ -28° ± 1 (c, 1.177, CH3OH). 

To the preceding compound (0.500 g) In 10 ml of dichloromethane was added 0.124 g of trlethylamine 
and 0.544 g of benzotriazol-1-yloxytris(dimethylamino)phosphonium hexaflurophosphate (BOP). After 1 

so minute. 0.268 g of (S)2-amino-3-cyclohexyI-(R)1-(2-thienyl)propan-1-ol was added and the mixture was 
stirred at room temperature overnight. The solvent was removed under vacuum and the residue in ethyl 
acetate was washed with 2M sodium carbonate and with water. The organic layer was dried (MgS04) and 
the solvent removed to give 0.81 g of a glass. The glass was dissolved in dichloromethane-ethyl acetate 
(9:1) and filtered through a thin pad of hydrous magnesium silicate. The pad was washed with 

55 dichloromethane-ethyl acetate (9:1) and the combined filtrate concentrated under vacuum to give 0.610 g of 
the product as a white glass: Wd^ -44° ± 1 (c. 1.101, CH3OH). 
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H- [fit C (B) 2* < 4-TliloaorpholiBoc TbonYl) oxy] ^a-phanyl- 
proplonyl] -Jj-lwcyl] - (8) 2*Min o"3-cyoloh#»yl^ (R) 



To a solution of 0.500 g of 

M-[[(8>2-«-thio- 
BorpholiBOoarbOByl) oxy] -a-phaaylpropionylj -i-laucina 

in 10 ml of dichloromethane under argon was added 0.124 g of triethylamine and 0,544 g of benzotrlazol-l- 
yloxy-tris (dlmethylamino)phosphonlum hexafluorophosphate (BOP). After 1 minute. 0.262 g of (S)2-amino- 
3-cyclohexyl-(R)1-(2-pyndinyl)propan-1-ol was added and the mixture stirred overnight and concentrated to 
dryness. The residue was dissolved in ethyl acetate and the solution washed with 2M sodium carbonate, 
water, dried (MgSO*) and the solvent removed to give 0.72 g of a clear foam. Chromatography on silica gel 
with dichloromethane as eluent and then dichloromethane-ethyl acetate (1:1) as eluent gave 0.480 g of 
product as a white foam: [a]g^ -31*' ± 1 (c, 1.104, CH3OH). 

N- [H- [ [ (8) 2-* (4-Morpholliiocarboiiyl) oxy] -3-phanyl- 
propionyl]-Ii-laucyl]-(8)2-aaino-3-cyclohexyl- (R) l- 
( 2 - f ur an vl ) or opan- l-ol 



As described for Example 56. 0.500 g of 

[ [ (8) 2- (4«morpliollBoearboiiyl) oxy] -3«phaBylpropionyl] - 
-Ii-laucina 

was reacted with 0.258 g of (S)2-amino-3-cyclohexyl-(R)1-(2-furanyl)propan-1-ol in 10 ml dichloromethane to 
give 0.50 g of product as a white foam: [a]g^ -33° ± 1 (c, 1.035, CH3OH). 

Bxampla 60 

H- t [ (8) 2- (4-ThiomorpboliBOcarboByl) oxy) -3-phaayl- 
proplonyl] --L-laueyl] - (8) 2-a»ino-3-cyclohaxyl- (R) i- 



As described for Example 57, 0.500 g of 
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[ C (S) 2- (4-thioaorpliolinocarboiiyl) ozy] <-3-phMylpropio- 

was reacted with 0.250 g of (S)2-am[no-3-cyclohexyl-(R)1-(2-furanyl)propan-1-ol in 10 ml of dlchloromethane 
to give 0.44 g of product as a white glass: [a]§® -34° ± 1 (c. 1.007. CH3OH). 

Vr iVr [ (K) 2- ( l-HaphthalMylBtttliyl) <-3- (4-aorpholiiio 
oarbony 1 ) proplony 1 3 -L^lattcyl] - (8) 2«Mlno-3« 
nyali^ikmw yl^ f HI 1^ I2>f uranvH Drop>n-l*Ol 



To a solution of 1.4 g of imidazole in 18 ml of dichloromethane was added 0.90 ml of phenyl 
2^ dichlorophosphate in 6 ml of dichloromethane. The mixture was stirred for 20 minutes, cooled to 0°C and a 
solution of 0.60 g of imidazole, 2.4 ml of N,N-dimethylformamlde, and 1.60 g of 



25 



30 



36 



40 



1^- [ (banayloxy ) ear- 

boay 1 ] -L- laueina 

In 6 ml of tetrahydrofuran added. The mixture was stirred at O^C for 40 minutes and then 1.30 g of (S)2- 
amtno-3-cyclohexyKR)1-(2-furanyl)propan-1-ol added. The mixture was stirred at 0°C-25*'C (ice bath al- 
lowed to melt) overnight and the solvent removed. The residue was dissolved in 20 ml of ethyl acetate and 
washed with water. 2N-citric acid, sodium bicarbonate solution and dried (MgSO+). The solution was filtered 
through a thin pad of~hydrous magnesium silicate (pad washed with several volumes of ethyl acetate). The 
filtrate was evaporated under vacuum to give 2.3 g of 

[M- (banayloxy ) carbonyl-L-laucyl] - (8) 2-aai&o-3-oycloh* 
axyl- (R) 1- (2-furaByl)propan-l«ol 

as an oil: Rp 0,31 on thin layer chromatography (silica gel) with hexane-ethyl acetate (3:1) as solvent. The 
preceding compound (1.85 g) and 1.0 g of ammonium formate in 24 ml of methanol under nitrogen was 
warmed on a steam bath and then the solution chilled to 0°C under nitrogen. To this mixture (without 
stirring) was added (by pipette) 0.96 g of 10% palladium on carbon suspended in 5 ml of ethanoL The 
mixture was chilled at 0°C and stirred for 1 hour. Diatomaceous earth was added and the mixture filtered 
and the pad of diatomaceous earth washed with methanol. The filtrate was evaporated to dryness and the 
residue partitioned between ammonium hydroxide and dichloromethane. The organic layer was separated, 
dried (MgS04) and the solvent removed to give 1.24 g of gum. Crystallization from 5 mi of dlisopropyi ether 
gave 

0.74 g M-(L-laucyl)-<8)2-amino- 
3-cyclohaxyl- (R) l- (2-£uraiiyl)propaa-l*ol 

as colorless needles, m.p. 83-84°C. [a]§^ -17° ± 1 (c. 1.031. CH3OH). 

To a solution of 0.25 g of (R)2-(1-naphthalenylmethyl)-3-(4-morphollnocarbonyl)propionic acid and 0.11 
ml of triethylamine in 2 ml of dichloromethane was added 0.34 g of benzotrlazol-l-yloxytris(dimethylamino)- 
phosphonium hexafluorophosphate (BOP). To this solution was added 0,25 g of 



45 



50 
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10 



16 



-(S)2-amino3-cyclohexyl-{R)1- (2-furanyl)propan-1-ol in 2 ml of dichloromethane. The mixture was stirred 
overnight and concentrated under vacuum. The residue was dissolved In 10 ml of ethyl acetate and the 
solution washed with 1N hydrochloric acid, sodium bicarbonate solution and three times with 2 ml of 
saturated sodium carbonate. The organic layer was dried (MgSO*) and the solvent removed. The residue 
was chromatographed on silica gel with ethyl acetate as eluent to give 0.30 g of solid, m.p. 83-87**C, [a]§® 
-20° t1 (c. 1.007. CH3OH). 

Claims 

1 . A compound of the formula: 

R4 0 Rfi OH 

p, £2 I II 



20 



P, |a I II I I 

M T N-CH-C-N-CH-CH 

"'Mf I * I * * 



l-fl 

0 R3 ^5 



25 



wherein Ri is: 



30 



35 



40 



45 



SO 
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0-low«r «lkylCCt«C«>| -NClei««r •Iliyl<Ci-C«>]g| 



I ^ I 

to I, •? 



lkyl<Ci-C»>IUI»y 



0 



*N*loi«ir •lfcyl<ei-C»>— , -N-louir »Uyl<Cj-Cft>-^j] I 

I I I !• 

■f I "r 

«y 



«F «F 



P. 



f '9" 



Ph 

Mhara X - •» 0, tO, 10|, NH, M-loMratkyl 



and Y is OCH3, CH3, F, CI, or di or tri OCH3 groups; R7 is hydrogen or iower aikyl(Ci-C3); 
R2 is phonylmethyl. (4-methoxyphenyl)methyI, (3.4-dlmethoxyphenyl)methyl. (4-cliIorophenyl)metliyl, (3- 
65 trifluoromethylphenyl)methyl. (3,4,5-trimethoxyphenyI)methyl, 1-naplithalenylmethyl, (2-thienyl)methyl, (3- 
indolyl)methyl. {benzo[b]thlen-3-yl)metliyl, (benzo[b]thien-2-yl)metiiyl. (3-ben20furanyl)metliyl, (2-ben- 
20furanyl)metliyl; 
Ra is iiydrogen or methyl; 
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R4 is 4-(imidazolyl)CH2X-. alkyl(Ci-C8), -alkyKCi-CONHa. phenylmethyl, cyclohexylmethyl, -X-alky!(Ci-C8). 
-(CH2)nN[lower alkyi(Ci-C3)]2.-(CH2)nNHlower alkyKCi-Ca)], X-cyclohexyl, -(CH2)n-X-alkyl(Ci-C3), -X- 
CH2CH2N[alkyl(Ci-C3)]2 (where X Is -O- or -S- and n is 1 to 4) and moieties of the formulae: 






Rs is hydrogen or methyl; 

Rg is alkyl(Ci-C6). phenylmethyl. cyclohexylmethyl, -(CH2)n-X-alkyl(Ci-C3) or 
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and A la 




Q 

where Rs is hydrogen. alkyKCi-Ca) or COR9. where Rg is NH2. OH. -0-alkyl(Ci-CO. -NH-alkyKCi-C*). -N- 
[alkyl(Ci-C3)]2.lower alkyi (Ct-Ce) and where W is CH2 or O, wherein the asymmetric center at the carbon 
attached to the Rz substituent of the N-terminal unit has the R configuration. 
2. A compound according to Claim 1 wherein the cr-amino acids of the formula: 
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HN-CHCOoH 
* 



R3 



70 have the natural 



IS configuration. 

3. A compound according to Claim 1 wherein the C-terminal are those of the formula: 



20 



25 



T 

-NH-CH-CHP 

1 

S 

OH 



with an anti(threo) relationship between the amino group and the hydroxyl group. 
4. A compound according to Claim 1 wherein the formula: 

30 

-NH-CH-CHfl 

35 i 

OH 

contains the diastereomers with the IS configuration. 
40 5. A compound according to Claim 1 wherein the C terminal group is 



45 I 

^NH-CH-CHO 



OH 

so 



R2 is phenylmethyl. 1-naphthalenylmethyl, (3-indolyl)methyl. (benzo[b]thien-3-yl)methyl. (3-ben20furanyl)- 
methyl and R2 in the N-terminal unit of the formula 



55 
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0 R, 



10 \s the R configuration 
acids) ; 



(aaas configuration as L a-amino 



15 

R* Is 4-(lmidazolyl)CH2X-. a!kyl(Ci-C4)NH2, -(CH2)n-NH lower all<yl(Ci-C3), -(CH2)nN[lower alkyi (Ci-C3)l2.(4- 
lmidazolyl)methyl. (3-pyra20lyl)metiiyl. -X-CH2CH2N[alkyl(Ci-C3)]2, (3-pyrldinyl)methyl. -X-CH(CH3)2: 
Re is cycloliexylmetliyl or 



20 



-CHg 



25 

and A is 

30 



X 



35 



H 



40 




N' 



H 

45 where Rg is hydrogen or COR9 

where R9 is as defined in Claim 1. 

6. Tiie compound according to Claim 1 

50 

N- [N- 

[ (R) 2- ( i-^naphtlialenylaathyl) -3- (aorpholinocarbonyl) - 
propionyl] -L-^histidyl] - (8) 2-amino-3-cyclohexyl- (R) 1- (2- 
pyridinyl ) propan-l-ol • 
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7. A method of treating hypertension in a warm-blooded animal which comprises administering to the 
animal a hypotensive amount of a compound pf Claim 1 . 

8. A parenteral composition in dosage unit form comprising a compound of Claim 1 and a parenterally 
acceptable carrier. 

9. A process for preparing the compounds of Claim 1 which comprises activating a compound of the 
formula: 



0 Rg 

0 

* 

with a peptide coupling reagent selected from the group of N.N'-dicyciohexylcarbodiimide. N.N'-dicyclohex- 
ylcarbodilmlde plus hydroxysuccinimide, N.N'-dicyclohexylcarbodlmide plus l-hydroxy-benzotriazole, 1- 
benzotria zolyl diethyl phosphate, 1-chlor6^hrN,2-trimethyl-1-propen-1 -amine, diphenyl phosphoryl azide, 
diethylphosphorochloridate, di-loweralkyi (Ci-Cs) phosphorochloridates, diphenyl phosphorochloridate. phe- 
nyl phosphorodichloridate ben20triazol-1-yloxytris(dimethylamino)-phosphonium hexafluorophosphate, N.N - 
bis[2-oxo-3-oxazoIidinyl]-phosphorodiamld!c chloride, diphenylphosphlnyl chloride, diethoxyphosphoryl cya- 
nide, bls(pentafluorophenyl)sulfite, N.N'-carbonyldiimidazole, or isobutyl chloroformate plus N-methylmor- 
pholine, 2-chloro-1 -methy Ipyridinium ""iodide, N.N'-disuccinimldyl carbonate, 1 -bromo-N,N,2-trimethyl-1 - 
propen-1 -amine, 1-benzotriazolyl diethyl phosphate^ to give an intermediate of the formula: 



0 Rp 

0 

(where X is an activating moiety, halogen, pentafluorophenyloxy); reacting the intermediate at -10°C to 25°C 
in tetrahydrofuran. dtoxane. dichloromethane or ethyl acetate with a l-amino-2-hydroxy compound of 
formula: 



R4 a Rfi OH 

i li I I 
HN-CH-C-N-CH-CH-P 
I t I * * 

R3 R5 



to give the compounds of Claim 1 . 

10, A process for preparing the compounds of Claim 1 which comprises activating a compound of the 
formula: 



0 Rg ^* 



with a peptide coupling reagent selected from the group of N.N'-dicycIohexylcarbodilmide. N.N -dicyclohex- 
ylcarbodiimide plus hydroxysuccinimide. N.N'-dicyclohexylcarbodimide plus 1-hydroxy-benzotriazole, 1- 
benzotriazolyl diethyl phosphate, 1-chloro"^TvrN,2-trimethyI-1 -propen-1 -amine, diphenyl phosphoryl azide. 
diethylphosphorochjoridate. di-loweralkyi (Ci-Cs) phosphorochloridates, diphenyl phosphorochloridate, phe- 
nyl phosphorodichloridate benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate, N.N- 
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bis[2-oxo-3-oxazoliclinyl]-phosphorodiamidic chloride, diphenylphosphinyl chloride, diethoxyphosphoryl cya- 
nide, bis{pentafluorophenyl)sulfite. N.N'-carbonyldilmldazole. or isobutyl chloroformate plus N-methylmor- 
pholine, 2-chloro-1-methylpyrldinlumnodide, N.N'-dlsucclnlmldyl carbonate. 1-bromo-N,N.2-trlmethyl-1- 
propen-1 -amine, l-benzotrlazolyl diethyl phosphate, to give an Intermediate of the formula: 



10 



II 

-CH-C-X 



(where X is an activating moiety, halogen, pentafluorophenyloxy); reacting the intermediate at -10°C to 25°C 
in a solvent such as tetrahydrofuran, dioxane, dichloromethane or ethyl acetate with a compound of the 
15 formula: 

Rfi OH 

I I 
HN-CH-CH-fl 

20 I * * 



to give the compounds of Claim 1 . 
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